bl 13219

= Z
/ﬂj'/ﬂ

GPO PRICE S

CFSTI PRICE(S) $ ,»;
Hard copy (HC) "%ﬂ /
'Microfiche (MF) /- 4o

— Westinghouse

/ ELECTRIC CORPORATION




R

P.O. Box 1897

FINAL REPORT
FOR A

Redundant Spacecraft
Sequencer Breadboard

For The Period March 30, 1966 to June 30, 1966

NASA Contract NAS 7-100
Task Order RD-30
JPL Subcontract 951345
Westinghouse LAD-38552

Prepared For:

California Institute of Technology
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California

WESTINGHOUSE DEFENSE AND SPACE CENTER
Baltimore, Maryland 21203

MDE 7035




T R i aee i vty s e -
e e A e oy ot o v

Summary

This report describes work performed during Phase I and Phase II of JPL subcontract
number 951345. This program has included the completion of design detail, the implementation,
and the test of a redundant spacecraft sequencer breadboard. The sequencer breadboard is a
redundant version of a portion of the Mariner C Spacecraft Sequencer as described previously
in the Task II report of JPL subcontract 950777, '"Design Study for a Redundant Spacecraft

Sequencer. "
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1. Introduction

This report is the final report in a two phase program for the fabrication and test of a
Redundant Spacecraft Sequencer. This program is a follow-on to a previous design study per-
formed by Westinghouse on JPL subcontract 950777. In the design study, a computer synthesis
procedure was used to design a redundant version of the Central Computer and Sequencer of
the Mariner C spacecraft. This equipment was to be subject to all of the functional require-
ments of the non-redundant central computer and sequencer plus the following additional require-

ments:

1. No single component failure could cause the failure of any critical ‘vent output.
2. The equipment was required to be non-volatile so that in the event or a power
failure it would not lose significant information and would resume operation

in the usual manner when power was restored.

The basic function of the central computer and sequencer is to provide timing signals to
other subsystems of the spacecraft. These signals are primarily in the form of relay closures
and are used to control the spacecraft midcourse maneuvers, as well as to initiate other évents
which occur throughout the mission. The study resulted in an equipment design which promlised
to afford a significant reliability improvement over an equivalent non-redundant equipment.

This improvement is achieved with very little weight increase over that required by basic
triplication of the non-redundant circuitry. The design makes use of multiple-line logic, with
three copies of each logical design and majority voting circuits at selected points to remove

the effects of errors.

The breadboard : .odel, developed during the present contract, verifies the sequencer
design approach and demonstrates the effectiveness of the redundancy. The breadboard includes
the electrical equivalent of a significant portion of the entire redundant sequencer. Low dersity
packaging was used to reduce costs and to permit 2 comprehensive testing program to be per-
formed. The circuitry is a combination of integrated and discrete component circuits. The
first phase of this program involved the finalization of the breadboard design and establishment
of an effective test plan. The second phase included the fabrication and testing of the system.

A simplified block diagram of the portion of the central computer and sequencer which
has been implemented is shown in figure 1-1. The output of a 38,4 KHz crystal oscillator tin -
ing source is fed into a divider chain. The divider chain provides signals with frequencies of
20 pulses per second, one pulse per second, and one pulse per minute. Finally, the one pulse
per minute signal is fed into the Launch Counter. The latter provides the signals associated
with events occurring immediately after launch. The figure also indicates the test chassis
and digital difference detector circuitry used to test the redundant equipment.

1-1
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Figure 1-1. General Block Diagram, Redundant Sequencer Breadboard System
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The mordel was constructed in accordance with the details of the previous design study.
The primary redundancy technique employed is multiple-line maijority voted logic, This
technio: * requires the use of three replicas of each process appearing in the non-reduncant
version of the equipment. At selected locations, sets of majority voters (restorers) are in-
serted at the outputs of the replicated processors. The sets of voters compare equivalent
signals and remove the effects of ary minority of errors. The cutputs cf the majority voters
are used as the replacements for the output signa’s from the 2zs0ciated processors.

In addition to the use of multiple-line logic, special c.i..:’s are utilized to satisfy require-
ments peculiar to the redundant system configuration. Amcny these are those required for
provid:ing a redundant clock source, te. :ing the redundant equipment, maintaining synchroniza-
tion between the multiple replicas, providing reliable power suppliez, and maintaining high
reliability at the interface between redundant and non-redundant subsystems.

In the following section (Section 2), the basic functions of the logic, test equipment and
individual circuits are summarized. In the final section (Section 3), the details of the test
program are presented along with a description of all system changes which have occurred since
the writing of the Phase I report. A complete set of detailed system logic diagrams, schematic
diagrams and parts lists are included in the appendices.
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2. System Description

2.1 Mechanical Configuration

The riechanical configuration for the breadboard system is shown in the frontispiece,
figure 1-0. The sequencer chassis, shown on the right is a conventionai 3 row card rack
containing 3 in. x 4 in. printed circuit cards. All triplicated digital logic is implemented
using printed circuit cards located within the card rack. All logic associated with one replica
of the triplicated logic is located within a single card level. In addition to the multiple-line
logic, the card rack also contains 7 digital difference detector cards, 1 flip-flop card, and 1
gate card used only for test purposes. These cards are located on the extreme right hand
side of the card rack. The redundant clock source, regulators and power distribution cir-
cuitry are located on a panel attached to the back of the card rack.

The above configuration for the sequencer chassis provides maximum accessibility to
the clock and power circuitry and also provides a high degree of accessibility to the multiple-
line logic. Test points, located on each printed circuit card, allow monitoring of individual
circuit outputs on tne cards. Extender cards are supplied which allow individual printed cir-

cuit cards to be operated with their components completely accessible.

The test chassis, shown on the left in the photograph, contains all input-output controls
and indicators required for the operation and test of the sequencer. In addition, the test
chassis contains the DC power supplies required by the system. The test panel includes a
system block diagram overlay so that all controls and indicators can be directly associated

with their respective sections of the system.

2.2 Logical Design

A detailed block diagram of the triplicated sequencer systemn, showing all test controls
and indicators is shown in figure 2-1, '"Redundant Sequencer Block Diagram." The diagram
indicates the interconnection of the three replicas of the counter chain at the majority voters.
Note that feedback connections are provided from the voter outputs back to the processors in
order to keep the triplicated processors synchronized.

The logic design consists primarily of the implementation of a series of counters for
frequency division and the required decoding for output signals. The clock source and pri-
mary divider chain provide square wave outputs of 38.4 KHz and 9.6 KHz, and pulses at 20

“per second, one per seccnd, one per minute, and one per seven hours. The occurrence of
the first seven hour pulse after clearing of the counters is adjustable with the update signal

2-1
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to any one-hour interval. The update veri{y provides an output pulse for every update input
pulse. The portion of the divider chain beyond the 1PPM output is called the Launch Counter.
The Launch Counter decoding provides outputs at 1 pulse per kour, 1 pulse per 68 minutes,

1 pulse per 17 hours, and a special clear and counting signal which is set as a result of the
clear input and is normaily reset after the third count pulse to the Launch Counter. This
signal is used to simulate Launch Clamp to inhibit setting any relays. The first 68 minute
pulse occurs 56 counts after the Launch Counter is cleared and is used to set relay L-1.
Relay L-2 is set by the 1 pulse per hour signal; relay L-3 is set by the 1 pulse per 17 hour
signal; both L.-1 and L-2 are set when L-3 is set.

The test circuitry indicated in the diagram includes the digital difference detectors, the
processor and voter output forcing controls, the 20 times and 60 times speed-up controls and
the output indicators. The digital difference detectors, which are located at each set of pro-
cessor outputs and at each set of voter outputs, are test aids which detect and indicate any
difference in the operation of the three replicas of the counter chain. The primary functions
of the forcing controls are: 1) to provide a means of testing the difference detectors and 2)
to force single rank operation of the system. Single rank operation is the normal method used
to detect failures in the system which would be masked by the majority voters. A detailed
discussion of single rank testing is included in section 3. The speed-up controls allow high
speed operation, of the low speed counters at the end of the counter chain, to facilitate testing.
Output indicators, driven by test flip-flops which toggle on each output pulse, are located at
the 1PPM voter outputs, the update verify outputs and the 1 pulse/7 hour outputs. Indicatnr

lights are also supplied for the clear and counting output and for each relay.

The detailed operation of the logic circuitry for each of the processors in the system is
provided in the following paragraphs. Additional detail on the test circuitry is provided in

section 2. 3.
2.2.1 Clock Source

The redundant crystal oscillator provides the clock source for the primary divider

chain. It is shown in figure B-1 of the appendix and is described in section 2. 4.
2.2.2 Divide-by-4

The first counter divides the clock frequency by four, providing a 9.6 KHz square
wave., The counter is a simpla inverting shift register of two flip-flops, with a voter within
the loop providing the restored output and in-line synchronization, as shown in figure 2-2,
The actual logic diagram includes inverting gates to provide the processor forcing gate, the
set and reset inputs to the first bit, and to drive the clock inputs on the next counter.
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2.2.3 Divide-by-480

The second counter divides the 9.6 KHz clock by 480, rroviding a "'0" output pulse
once for every 480 input clock pulses. This counter is shown in tigure 2-3. It is implemented
with a 512 state key siream generator, or linear feedback shift register, of 6 bita. All 512
states may be generated by altering the feedback so that the all 0's state, not in the normal
sequence, is included as a state in the full sequence. Although this counter is modifizd to
provide only a 480 state sequence, che all 0's state is included in the complete sequence to
insure that the redundant counters may always be synchronized with the reset signal. This
reset is generated from the majority voted output clock pulse, because there are no synchro-
nizing voters within the feedback loop. (n the event that one register reaches state 480, but
there is no synchronizing reset, it will continue counting through the rem .inder of the full
sequence but will remain in the all 0's state until the synchronizing reset inserts the initial
state in all counters. The 0's state is also decoded as an output so that a majority output is
always generated as soon as one other counter generates an output. As described for the -
divide-by-4, the actual logic diagram includes additional gates required for inversion and
additional diodes for expanding fan-in capability and to provide the processor forcing input.

PRECEDING PAGESBLANK NOT FILMED.
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The set and reset sides of the first flip-flop in the register are redsfined to permit
the use of the synchronizing reset to set the first bit and reset all remaining bits, using the

common DC reset input available on the standard logic card.

The logic signals are indicated in symbolic form, and are defined as follows: The
output of the registes bits are numbered consecutively in the direction of shifting, with bit 1
referred to as the first, or least-significant bit (least numbered, not least weighted). The
two bits required as inputs to the modulo-2 fecdback are not designated with the appropriate
number, but are symbollically designated to clearly identify these signals. The last, or
most significant bit is necessarily an input to the modulo-2 feedback and is designated z.
The other input is designated y; for this particular counter it is the fifth bit. The signal
designated x is the special signal which is a ground only if the counter has proceeded past the
normal decoded output without being reset. In this case, the x signal inhibits the feedback
otherwise generated by the modulo-2 feedback when the counter reaches the state where all
bits except the last are 0. This forces the counter to the all 0's state after the next clock
pulse; it remains in the all 0's state and generates an output pulse for every clock pulse until
the synchronizing reset is applied to begin a new counting cycle. In normal operatior, neither
the x signal nor the all 0's decode should ever be ""ON", because they are active only when

the counters are out of synchronism.

The signal designated w has no speciai significance, except that it is a convenient

factoring of terms common to both the output decode and the x signal.
2.2.4 Divide-by-20

The third counter divides the 20 PPS clcck by 20, and provides a "0" output pulse of
fixed duration (approx. 6.5 usec) after each 20 input clock pulses. In addition, this ccunter
pruvides the feedback syiw.chronizing reset pulse, also of approximately 6.5 usec duration,
after every input clock pulse. The 1 PPS clock output may also provide an output for every
input clock pulse when a ground is applied to the 20X speedup input. A ground applied to
either the count inhibit or power failure inputs will prevent the occurrence of any output

clock pulses. The divide-by-20 counter is shown in figure 2-4.

The divide-by-20 counter is the highest frequency magnetic counter. The skift driver
is a monostable circuit which is activated by the trailing edge (the positive-going edge of the
grounding 20 PPS clock pulse) of the input pulse. It remains active for a fixed period of time
(approx. 6.5 usec.) after which it returne to the quiescent state, where no significant power
consumption is required until the next input clock pulse. The state of the counter is stored

in the non-volatile magnetic shift registers, and is available for logic decoding only during

2-13
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the time that the shift driver is active. Because it is necessary that both the output decode
and the feedback synchronizing reset gates have a signal that indicates that the shift drive:

is active, and no gating of any kind is required when the shift driver is inactive, the power to
all gates ;s switched on only during the time that the shift driver is active. This results in
no power consumption required for logic gates or information storage. In addition, because
there is 10 need for majority voting when all corresponding shift drivers in each replica are
not active, power is switched on for the voters only when at least one corresponding shift
driver is active. Further more, all the associated circuitry, such as the buffers and OR
gates, th- power switches, as well as the shift driver itself require no pcwer when the shift
driver is inactive. Therefore, no stand-by power, and very low average power, is required

for all o0 the magnetic logic due to the low duty cycle required.

" he logic for the ring counters used in the divide-by-20 counter is shown in symbolic
form, a: illustrated in figure 2-5, which also shows the more detailed version of the typical
ring couvnter. This diagram shows that the number of magnetic bits is actually less than the
length o. the ring counter, and that the last bit is decoded as the NOR of the output of the
magneti : bits. This configuration insures that the output from each ring is unique (i.e.,
occurs n1ly once each cycle), and allows resynchronization by simply inserting a 1 in the

first bil.

‘The divide-by-20 counter consists simply of two ring counters whose lengths are
relative'y prime (contain no common factors). Both shift registers are driven by the shift
driver: i1owever, the position of one register precesses with respect to the other so that they

return > the same relative position only once every 20 input clock pulses.

The divide-by-20 counter is synchronized by inserting a 1 in the first bit of both ring
counte 3 whenever a majority voted clock output pulse is generated. The signal designated x
is acti e only if the counter is in the state where the counter output pulse would be generated,
but the -e ic no majority voted output pulse. Since the counter output pulse is generated only
when ¢ 1 of the magnetic bits are reset, the x signal will force the counters to remain in this
state ¢ 1d generatc an output pulse for every clock input until a majority voted output pulse is
gener: ted to synchronize all counters. The synchronizing input is also connected to the
buffer inhibit input, so that any magnetic register outputs which may have occurred at that
time will be eliminated. The x signal is not active during normal counter operation; however,
the application of the count inhibit or the power failure inhibit will cause the x signal to become
active after the counters reach the output state, because the output to the majority voters is
inhibited.
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2.2.5 Divide-by-60

The next counter is the divide-by-60 counter, shown in figure 2-6. It i8 a modified

64-state KSG, very similar to the divide-by-480 counter, with the following variations:

a. The register contains 6 magnetic bits, with 64 possible states; both state 60
and the all 0's state are decoded in a single gate by deleting the one input that

differs between the two states.

b. The synchronizing reset is driven by a set driver which provides the longer

pulse width necessary to set the initial state into the magnetic shift register.

c. All gates and the voter are driven by the appropriate power switch, so that no

stand-by power is required.

d. The 60X speedup is a ground signal applied to the inhibit input of all buffers
which provide inputs to the output decode. This fnrces the counter to generate
an output pulse after every input clock pulse, and prevents any bits in the shift

register from proceeding down the register.

e. The clear input (not shown on the functional diagram) inserts the all 0's state
so that an output pulse is generated after the first input clock pulse after being

cleared.
2.2.6 Launch Counter

The Launch Counter uses mixed base ring counters similar to the divide-by-20
counter, although the configuration is more complex, as shown in figure 2-7. The Launch
Counter also contains output decoding for the Launch event timing and the clear and counting
indicator, and provides the update function and the update verify >utput. The W, X, and Y
registers form the divide-by-60 portion which operates with output resynchronization in a
nearly identical manner tc the divide-by-2C counter, except that update enable, designated by
E, can prevent the insertion of the first bit of the ring counters. Both the V register (7 bits)
and the Z register (17 bits) have voters within the feedback loop, so no other resynchronizing

is necessary or desirable.

The Z register differs from the other ring counters by a few minor changes, The
NOR output of the 16 magnetic bits is not generated with one gate and buffer combination, but
is instead split into the even and odd numbered bits. The buffer output for the even bits, de-
signated ZO(E), is a 0 whenever an even-number state (2 through 16, but not zero) is read out
of the register. Likewise, the buffer output designated Z0(0O)is a 0 whenever any of the odd-
numbered states (1 through 15) is read out, neither buffer is a 0 for the 0 state readout.
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Since the register begins with the readout of the 0 state after the first clock pulse after being
cleared, and proceeds in normal counting sequence through the remaining states to 16 and
back to 0, ZO(E) is a 0 every other clock pulse, except for states 0 and 1. It is this charac-
teristic of ZO(E) which allows it to be used as a reset input to the clear and counting flip-flop.
The clear and counting flip-flop is also reset by any of the states of the W, X, and Y registers
except ine 0 state and the 1 state. This means that the clear and counting will always be

reset by the first or second clock pulse input to the Launch Counter, unless all of the W, X,
Y, and Z registers have been cleared. Only in this case will the clear and counting flip-flop

remain set until the third clock pulse input to the Launch Counter.

The Z register is also prevented from recirculating when a ground is applied on the
Update Enable (designated E) input. This means that neither the W, X, Y, or Z registers
will count during Update Enable if they were previously cleared, 8o that the clear and counting
flip-flop should remain set during the update procedure, regardless of the number of clock
pulse inputs. In order to permit resetting of the ciear and counting flip-flop from the test
panel, the signal which forces the processor outputs to 1 will also reset the clear and counting
flip-flop. The feedback input to the first bit of the Z register uses the diode isolated input to

permii the use of voter pullups.

The launch event timing is decoded from the W, X, Y and Z registers. L-1 is decoded
from state 5 of the Z register and state 0 of the X register, resulting in an output 56 minutes
after the first clock pulse input after clearing, and every 68 minutes thereafter, because 56
mod 17=5, 56 mod 4=0, and 17x4=68. L-2 is taken directly from the 1 PPHR signal, resulting
in an output after the first clock pulse input and every 60 thereafter. L-3 is decoded as state
0of W, X, Y, and Z, resulting in an output after the first clock pulse and every 17 hours
thereafter. L-1 and L-2 may also be set by L-3, and all 3 events may be set by the common
launch clamp which is simulated by the clear and counting flip-flop, or the individual manual
set inputs. Although not so indicated on the block diagram, the individual manual set inputs
and the launch clamp inputs are more directly coupled, so that they may cause a relay to set
even though either of the other logic inputs is already applied. The manual reset input is

directly coupled and overrides any of the set inputs.

Except for the common clear and shift driver input, the V shift register (7 bits)
operates independently from the remainder of the Launch Counter. It is always stepped Ly the
shift driver, regardless of the Update Enable, and does not enter into any of the launch event
decoding. It can therefore be preset to any state prior to the actual Launch Counter counting.
The position of the V register when the remainder of the Launch Counter begins counting
determines which of the 1 PPHR outputs will coincide with the first 7 min. output to generate
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the first 1PP 7 HR output. Since the V register advances a net of 4 positions for each 1PPHR
output (60 mod 7=4), the number of update pulses must effectively increment the register 4
positions for each individual one hour or preset. Each exact multiple of 7, however, will
result in a 1PP 7 HR output, which corresponds to a 7 hour preset. Therefore, the V register
is advanced to the position which corresponds to the final position after 4 times the number

of hours of preset desired. Since the position corresponds to the number of update pulses,

the number is determined as 4N mod 7.

If the total preset desired is a multiple of 7, then the number of update pulses is
exactly the same as the preset in hours. The number of preset hours in excess of multiples
of 7 determine the number of additional update pulses as described above. These results

are summarized below:

Preset Update
™ + N T™ + 4N Mod 17
™ +0 ™ +0
™ +1 ™ +4
™ +2 ™ +1
™ +3 ™ +5
™ + 4 ™ +2
™ +5 ™ +6
™ +6 ™ +3

2.3 Test Equipment Design

2.3.1 Test Logic
The test equipment, supplied with the sequencer breadboard, includes:

1) Test logic, located in the sequencer chassis, which assists in the monitoring

and testing of the sequencer.

2) The test chassis, which provides the input controls and output indicators

necessary for the operation and test of the sequencer chassis.

The test logic, shown in figure A-8 of Appendix A includes the digital difference detectors

and indicator light driving circuits. The electrical location of the digital difference detectors,
at the outputs of processors and voters, is shown in figure 2-1. The operation of the differ-
ence detector circuit is covered in section 2.4.7. The primary function of the difference de-
tector circuits is to assist in the location of failures that cause output errors in the system.

The difference detectors can be operated in a latching mode so that temporary differences
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will be indicated. The 1PPM, update verify and 1 P/7 HR indicator lights are driven via
flip-flops which toggle on each output pulse. The toggle flip-flops are included because the
normal 6.5 usec output pulses would not be sufficient to light the indicator lights. All indi-
cator lights except the relay lighte are driven by isolating NAND gates to prevent crosa-talk
in the test cable from affecting output signals. Note that the nine test logic cards can be re-
moved from the sequencer chassis without affecting the operation of the sequencer. Note also
that if the diff.rence detector cards are removed, all processor and voter forcing lines are
broken thus eliminating the possibility that a failure on the forcing line will cause failure of

a complete replica.

2.3.2 Test Chassis

The test chassis front panel is shown in figure A-12 of Appendix A, and the test
chassis diagram is shown in figure A-9 of Appendix A.

The test panel contains a block diagram of the sequencer, on which the test input
switches and output lights are located. In addition to the inputs and outputs normally required
by the sequencer for operation, the test panel contains the difference detector indicators and
forcing switches required to check for and locate internal failures which would be masked by
the triple redundancy. Difference detector indicators are located at the outputs of each voter

and processing unit. A voter and a processor forcing switch is provided for each replica.

The difference detector indicators are activated by any significant differences between
outputs of corresponding processors and voters in the triplicated system. The difference
detector indicators operate in two modes, latching and non-latching, as determined by the

difference detector latch switches.

The forcing switches allow the operator to force all processor and/or voter outputs
in a given replica to "one" or "zero." This capability allows the operator to test replicas,
voters and difference detectors. Thus, to test replica C the processor outputs of replica A
are forced to be different than the processcr outputs of replica B. Replica C then determines
the voter outputs. The combination of difference detectors and single rank testing provides
the operator with a convenient method of detecting and locating all failures in the triplicated

system.

In addition to the controls and indicators, the test chussis contains the D. C. power
supplies for the breadboard system, as indicated in the test chassis diagram.
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below:

2-24

A complete listing and description of test chassis controls and indicators is given

1) Test Panel Switches

S-1

S-2

S-4
S-5

S-6

S-10
S-11
S-12
5-13
5-14
S-15
S-16

5-17

S-18

Processor Difference Detector Latch (determines whether Processor
Difference Detector Lights will be latched on after one difference de-
tection or will be free to go ON and OFF, providing an instantancous

indication).

Processor Forcing Switch, Rank A (forces a constant logical 1 or 0

output on all replica Counters; is off in normal operation).
Processor Forcing Switch, Rank B (similar to S-2).
Processor Forcing Switch, Rank C (similar to S-2).

Voter Difference Detector Latch (similar to S-1).

Voter Forcing Switch Rank A (torces a constant logical 1 or 0 output

on all replica A Majority Voters; is off in normal operation).
Voter Forcing Switch, Rank B (similar to S-6).
Voter Forcing Switch, Rank C (similar to S-6).

Count Inhibit, Rank A (inhibits the replica A+20 Counter stopping all
following replica A counters if the Inhibit Disable switch is in the off
position).

Count Inhibit, Rank B (similar to S-9).

Count Inhibit, Rank C (similar to S-9).

X20 Speed-up (effectively by-passes +20 Counter in all replicas).
Clear, Rank A (clears first +60 and all following replica A counters).
Clear, Rank B (similar to £-13),

Clear, Rank C (similar to S-13).

X0 Speed-up (effectively by-passes first 480 Counter in all replicas).

Update, Rank A (provides one-shot pulse to replica A Launch Counter,
simulating normal Launch Counter input signal).

Update, Rank B (similar to S-17).



S-19

$-20

S-21
S-22
S-23
S-24
S-25
S-26
S-27
S-28
S-29
$-30
S-31
5-32
S-33
S-34

5-35

s-37
S-38

S-39

S-40
S-41
S-42

Update, Rank C (similar to S-117).

Update Enable, Rank A (inhibits =~17 and second +60 Counters in
replica A; for use when Up-dating = 7 Counter).

Update Enable, Rank B (similar to S-20).

Update Enable, Rank C (similar to $-20).

Set L-1 Relay, Rank A (sets replica A L-1 Relay).
Set L-1 Relay, Rank B (similar to S-23),

Set L-1 Relay, Rank C (similar to S-23).

Reset Relays, Rank A (resets all replica A Relays).
Set L-2 Relay, Rank A (sets replica A L-2 Relay).
Set L-2 Relay, Rank B (similar to S-27).

Set L-2 Relay, Rank C (similar to S-217).

Reset Relays, Rank B (similar to 5-26).

Set L-3 Relay, Rank A (sets L-3 Relay in repiica A).
Set L-3 Relay, Rank B (similar to S-31).

Set L-3 Relay. Rank C (similar to S-31).

Reset Relays, Rank C (similar to S-26).

A.C. Power (a-c power switch for all d-c supplies).

28v D.C., Rank A {connects 28v input of replica A to 28v supply or to
‘Cest Chassis test point).

28v D.C., Rank B (similar to S-36).
28v D.C., Rank C (similar to S-36).

12v D.C., Rank A (connects 12v input of replica A to 12v supoly or
to Test Chassis test point).

12v D.C., Rank B (similar to S-39).
12v D.C., Rank C (similar to S-39).

8v D.C. (connects Power Sense input node of all Power Failure De‘ec-
tors to unregulated d-c supply or to Test Chassis test point).
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5-43

S5-44

8v D.C. (identical to $-42).

Inhibit Disable (controls the Count Inhibit switches S-9, S-10 and S-11;
if tiie three Count Inhibit switches are in the inhibit position, the In-
hibit Disable switch serves as a master inhibit control for ali the

replicas by releasing the Count-Inhibits simultaneously).

Test Panel Lights

DS-1

DS-2

DS-3

DS-5

DS-6

DS-7

DS-8

DS-9

DS-10

DS-11

DS-12

DS-13

DS-14

DS-15

DS-16

DS-17

<4 Counter (turned on by Difference Detector Circuits, indicating dif-
ference in output between<-4 Counters; can give instantaneous indica-

tion or be latched on by first difference detection).

+4 Voters (turned on by Difference Detector Circuits, indicating lack
of agreement of any+-4 Majority Voters; can give instantaneous indica-

tion or be latched on by first difference detection).
—480 Counters (similar to DS-1).

+480 Voters (similar to DS-2).

+20 Counters (similar to DS-1).

+20 Voters (similar to DS-2).

+60 Counters (similar to DS-1, for first +60 Counters).
+60 Voters (similar to DS-2, for first +60 Voters).

1PPM. Rank A Voters (toggles at rate determined by output of first
+60 Majority Voter in replica A, providing visual indication of replica

operation; turned off by Clear $-12).

1PPM, Rank B Voters (similar to DS-9; turned off by Clear S-13).
1PPM, Rank C Voters (similar to DS-2; turned off by Clear S-14).
+7 Counters (similar to DS-1).

+7 Voters (similar to DS-2).

+60 Counters (similar to DS-1, for second+60 Counters).

460 Voters (similar to DS-2, for second+60 Voters).

17 Counters (similar to DS-1).

£17 Voters (similar to DS-2),



N bt e

DS-18

DS-19
DS-20

DS-21

DS-22

DS-23

DS-24

DS-25

DS-26

DS-27
DS-28
DS-29
DS-30
DS-31
DS-32
DS-33
DS-34
DS-35

DS-36

Up-Date Verify, Rank A (toggles at rate determined by the replica A
Launch Counter input signal when Up-Date Enable S-19 is in Enable

position).
Up-Date Verify. Rank B (similar to DS-18 with S-20).
Up-Date Verify, Rank C (similar to DS-18 with S-21).

1P/7 Hr., Rank A (toggles at rate determined by repiica A Launch

Counter).

Clear and Counting, Rank A (turned off by replica A Launch Counter
exactly two minutes after counting has begun provided all Counters
were cleared prior to starting the sequence and all Counters function
properly; or turned off by Rank A Processor 1 Forcing S-2 turned on by
Clear S-12).

1P/7 Hr., Rank B (similar to DS-21).

Clear and Counting, Rank B (similar to DS-22; turned off by S-3, on
by S-13).

1P/7 Hr., Rank C (similar to DS-21).

Clear and Counting, Rank C (similar to DS-22; turned off by S-4, on
by S-14),

L-1 Relay, Rank A (turned on by setting of replica A L-1 Relay).
L-2 Relay, Rank A (turned on by setting of replica A L-2 Relay).
L-3 Relay, Rank A (turned on by setting of replica A L-3 Relay).
L-1 Relay, Rank B (similar to DS-27).
L-2 Relay, Rank B (similar to DS-28).
L-3 Relay, Rank B (similar to DS-29).
L-1 Relay, Rank C (similar to DS-27).
L-2 Relay, Rank C (similar to DS-28).
L-3 Relay, Rank C (similar to DS-29).

Power (turned on with a-c power).
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2.4 Circuit Design
2.4.1 38.4 KHz Clock

The 38. 4 KHz clock source employed in the sequencer is shown in the non-redundant
sketch in figure B-1, Apnendix B. The oscillator circuit is basically the NAVWEPS 16-1-
519-2 Preferred Circuit PSC 31 with some modifications to meet the requirements of the
redundant version. The circuit is recommended for crystal oscillators in the 20 to 100 KHz
range. The oscillator is an amplified feedback type in which the feedback path is from the
collector of Q2 to the base of Q1 through the crystal. The impedance of the crystal at series
resonance is low enough to permit feedback of sufficient amplitude to start and maintain os-
cillations over the temperature range. The output signal from the oscillator at the collector
of Q2 is a square wave with a good drive capability. The oscillator outputs are summed for
each of the three replicas in the system and the load is driven via a buffer and squaring cir-
cuit. The oscillators are synchronized to each other via capacitors which connect the bases

of the Q1 transistors.

The crystal used is the Reeves-Hoffman, type 13N3, 38.4 KHz +.01%, crystal as

specified in the purchase description.
2.4.2 NS2 Card - Shift Driver, Delayed Power Switches and RC Circuit

Printed circuit card NS2, shown in figure B-2 of Appendix B, contains the shift
driver, power switches and shift voltage source. The shift driver is a monostable circuit
which provides the two inputs required for the cperation cf the gated core-diode magnetic
shift registers. The shift output provides the high current pulse for the magnetic core read-
out. The transfer output is a voltage pulse that allows the magnetic register capacitors to
remain charged for the duration of the shift pulse; it returns to ground after the shift current
pulse has ceased. This enables the magnetic register cutputs (as well as the logic output for
the first bit) to be stored into the appropriate bits of the magnetic register. The power
switches provide power to logic gates, voters, and the register input circuits on.y during the
transfer pulse. The shift voltage source is a simple R-C network to provide the source of the
shift current. It is designed to minimize power supply loading, to gradually reduce the am-
plitude of the shift current pulse, and to provide a low current source for the reset and clear

inputs.

The shift driver is activated by grounding an input to charge a small input capacitor
through a high impedance path. The shift driver is triggered when the input ground is re-
moved and the capacitor discharges through a low impedance path which includes a zener
diode to set the trigger threshold. This triggering circuit provides protection against false
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triggering. Once the input circuit has triggered, the in-phase cutput signal is fed back
through a timing network to maintain the shift driver in the ON state for the desired period
of time. The shift output is a current limited trausistor stage which saturates if lu.ss than
the maximum current at a positive voltage is available from the shift scurce. The transfer
output is driven by a complementary (PNP-NPN) inverter stage in which neither transistor is
conducting during the quiescent period. During the period that the shift driver is ON, the
transfer output is driven by a low impedance to a voltage approximately 1 to 2 volts less than
twice the supply voltage (approximately 10V). This aouble voltage is supplied by a capacitor
which cannot discharge to a level below the supply voltage. Some "'droop’’ on the transfer
pulse is permissible because the highest voltage is necessary only during the magnetic read-
out in the early portion of the shift pulse. The transfer output is driven to a low impedance
to ground when the s if{ iriver switches OFF, but the low impedance to ground is maintained
only for a short period of time. A shunt resistor to ground provides a relatively high im-

pedance path to ground for leakage currents during the quiescent period.

The delayed power switches are driven from one {(or all three) of the transfer outputs
from corresponding shift drivers. The delayed power switch output is simply a low imped-
ance to the voltage supply during the transfer pulse, with a slow rise time to control decoder
"spiking". Delayed power switching is used on all logic gates and voters in the magnetic
logic to reduce rthe power requirements. The switched power clamped voltage output is used
for the magnetic register input circuits to provide a relatively constant charging voltage for

the input capacitor.

As described above, the shift voltage source is a simple R-C network. Energy for
the shift current is stored in the capacitor; the resistor limitsthe current drawn from the power
supply to that used for clear and reset. Because the shift driver is ON for a longer time than
required for read of the magnetic bits, the capacitor value is chosen so that it becomes dis-

ckarged during the shift pulse.

As indicated above, power switching is used for the majority voters. Each voter
power switch has a diode OR gate input from all replicas of the same transfer pulse so that
no failures propagate through voters. The voter power switch has a longer time constant to
provide longer turn-on delay and insure elimination of spiking. It does not have a fast turn-
off because it is not necessary and cannot be implemented in the simple manner used for the

logic power switch without causing failure propagation through voters.
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2.4.3 NS3 Card-Magnetic Registers

Printed circuit card NS3, shown in figure B-3 of Appendix B, contains five individual
gated core-diode magnetic shift registers. These registers are the non-volatile storage
elements of the sequencer system and are vendor supplied pre-packaged units. Each core of
the magnetic register provides one bit of shift register storage. An input circuit is included
for each register so that a logic signal may be used to set the first bit of the register. The

input circuit, therefore, provides the semiconductor logic-magnetic register interface.

The operation of gated core-diode shift registers may be summarized as follows:
Each core is wound with at least 3 different windings - a high current shift winding and two
low current windings, one each for read-in and read-out. In addition, the first core is some-
times provided with an alternate shift winding which is wound in the opposite sense to permit
setting the first core while clearing all remaining cores. Every core also has diodes in
series with the read-out and read-in windings, and an output capacitor. Information is shifted
through the register by the two-step operation of read-out, then read-in. The shift current
provides the read-out operation by providing a sufficiently high reset current to induce a
corresponding current in the read-out winding of any core not previously reset. This current
flows through the read-out diode and charges the output capacitor. No current flows in tne
input winding if the transfer voltage is sufficiently high to reverse bias the read-in diode.
There is, however, an induced voltage in the read-in winding, approximately equal to the
voltage on the output capacitor of the same core. The output capacitor remains charged until
the transfer line is grounded; this causes any of the charged capacitors to discharge through
the read-in windirg and set the corresponding core. Any current flow through the read-out

winding at this time is prevented by the read-out diode.

The magnetic register input circuit simply provides an additional output capacitor
which may be discharged through the input winding of the first bit. In addition, there is a
capacitor-charging resistor and a pullup resistor connected to the switched power voltage
clamp from the shift driver. The capacitor is charged if a logical 0" (ground) is present on
the input during the transfer pulse. A diode is included to insure a low impedance discharge

path.
2.4.4 NS4 Card Buffers

Printed circuit card NS4, shown in figure B-4 of Appendix B, contains the buffers
for the magnetic register-semiconductor interface. The buffers provide a high impedance
load to the magnetic register outputs. Input to the buffers is through a diode OR gate. A
logical ''1" can be guaranteed on the buffer output by grounding the OR gate output thrcagh

one or more diodes provided for that purpose.

2-30



The basic buffer circuit consists of 3 stages - a positive logic OR gate driving an
emitter follower which crives an inverter output stage. Any positive input will cause the
output to be a logical '"0"". However, if one of the inhibit inputs is grounded, this causes all
inputs to be a logical 0" and therefore forces the output to be a logical ''1'"". In addition, a
high impedance discharge path is provided from the OR gate output which is connected to the /'
transfer output of the shift driver. This path allows removal of charge from the OR gate in-
tegrating capacitor as well as from any magnetic register output capacitor not discharged by
the transfer voltage (the last bit of every complete register has no other discharge path) and

also provides a path for any leakage current.
2.4.5 NS5 Card-Power Failure Detector and Count Inhibit Circuit, Set Driver

Printed circuit card NS5, shown in figure B-5 of Appendix B, contains the power
failure detector, count inhibit circuit and a set driver. The power failure detector inhibits
the possible passage of count pulses down the divider chain when power supply conditions are
such that improper logic operation might result. The power failure detector cperates as a
functional part of the divide-by-20 Counter by immediately inhibiting the one pu!se per
second output of this counter after either the loss of AC power or the restoration of DC power
to the logic. The set driver circuit is used to insert the initial state in the divide-by-60 key
stream generator register. It is activated by the restored output decoder and forces the
register to contain the initia® state (regardless of the previous state) aiter the end of the
shift current pulse. Although there is no regeneration, thz normaj power supply input is
buffered to help insure that power supply transients cannot cause spurious outputs. Two in-
dependent circuits are used to provide the inhibit output: one is specifically designed for
loss of primary power; the other provides the turn-on inhibit. The diode input for the count

inhibit is located on the power failure inhibit card as a matter of convenience.
2.4.6 NS6 Card-Relay Driver and Diode Array

Printed circuit card NS6, shown in figure B-6 of Appendix B, contains a relay driver,
relay, ..nd a diode array. A negative-going signal on any driver diode input causes the cir-
cuit to turn ON and remain ON for a fixed period of time. The set coil of the magnetically
latching relay is energized during this time. A direct input which causes the circuit to be ON

continuously and manual controls for setting and resetting the relay are also provided.

The relay driver circuit is essentially a monostable PNP-NPN two stage inverter
with capacitor coupling to the first stage from either the output or the diode inputs. A special
direct-coupled input is provided which is used for the Launch Clamp. Grounding this input .
causes the circuit to remain ON and completely discharge the output capacitor, thereby
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preventing any further setting of the relay until the clamp has been released and the output
capacitor allowed to charge. Grounding any input diode causes the circuit to turn ON and the
output capacitor to discharge through the set coil of the relay. The feedback is coupled to the
input through another diode, so that the input may be released at any time during the output
pulse without affecting the output. Even if a diode input remains grcunded, the circuit re-
turns to the OFF condition. This permits manual setting of the relay, even though another

diode input will not trigger the circuit.

A single timing network is used for both the input feedback and the input triggering.
The coupling capacitor is normally discharged, with both sides referenced to the 6V. supply
(which is connected to the emitter of the first stage), so that power supply transients (in-
cluding power turn-on) do not trigger the circuit. A small integrating capacitor (also
referenced to the 6V. supply) improves the input noise immunity and the rejection of possible

spurious inputs.
2.4.7 NS7 Card-Digital Difference Detector

Printed circuit card NS7, shown in figure 3-7 of Appendix B, contains the digital dif-
ference detectors used for the testing of the sequencer breadi» ==, There are two detector
circuits on each card. These circuits are part of the test equipment and do not contribute to
the functional operation of the sequencer. The difference detector card als. contains con-
nections for the forcing signals so that these controls are mechanically disconnected from
any of the associated signals if the difference detector card is removed. The entire set of
difference detectors permits complete checking of the logic redundancy of the sequencer.
The difference detectors themselves are not triplicated; only one detector is associated with

each voter input and voter output.

Two sets of diode gate inputs detect both the highest and lowest voltage input. If the
highest exceeds the lowest by the threshold of the circuit, the detector transistor is turned on.
If the lowest input under these conditions is also near grcund (logical ''0''), then the difference
detector output becomes a lorical ''1". If the display control input is a '"1", then any difference
that persists for approximately 1.8 usec will activate a logical feedback connection which
will maintain the output at a logical "1'". The minimum time required to latch the output is

primarily determined by the integrating capacitor on the node of the feedback gate.
2.4.8 Standard Cards

The "Standard'” printed circuit cards, as shown in figures B-8, B-9, B-10, B-11 and
B-12 of Appendix B, ar2 general card types containing commonly-used logic functions.
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These cards include the following:

Figure Type Nomenclature of Card in Logic
Diagrams

B-8 NAND Gate 002 or 002A

B-9 Parallel Register 004

B-10 Fan-in Gate 014

B-11 Positive Logic Driver 469

B-12 Resistor Board 030

The NAND Gate and Fan-in Gate cards offer convenient arrangements of diode-transistor
integrated gate circuits. These include 3-input NAND gates with and without nodes, 8-input
NAND gates and diode clusters. A modification of the NAND Gate card 002 to allow two
separate power switched power inputs is explained in figure B-8 of Appendix B. The modifi-
cation is designated 002A. The Parallel Register card contains twelve flip-flop circuits,
groups of which share common clock inputs. The integratcd circuits are MIL-tested versions

of the Westinghouse and Raytheon 200 series line in TO-5 can packages.

The Positive Logic Driver card contains four positive logic drivers. These consist
essentially of a 3 input AND gate capable of driving 100 ma bilateral current. Signal returns
are provided for each signal output. The circuit is capable of withstanding temporary short
circuits to ground at the output when all inputs are logical "1". The positive logic driver is
used in the sequencer as a line driver to ground support equipment (for the Update Verify and

the Clear and Counting signals) as well as a driver for test signals.

The Resistor Board is a universal card allowing the installation of various conven-
tional components. It is used to mount pull-up resistors, isolation diodes, etc. when re-

quired and not available on other cards.
2.4.9 Redundant Power Distribution

The sequencer power distribution system is shown in figure A-10 of Appendix A.
The primary power, as received by the sequencer breadboard, is DC power from the test
chassise distributed on redundant lines. The +28V. power, for the relays, is received on 3
lines into a diode buffered node. The voltage at the node will be the highest of the three ap-
plied voltages. Note that the node connection can be disconnected so that different voltages
can be applied, via the test chassis, to each replica. The power is fed from the node (via
decoupling networks consisting of a fuse, diode, capacitor and bleeder resistor) independently
to each replica of the system. The +6V. power distribution is similar to the +28V. power
distribution except that the +6V. power is regulated power. The redundant power regulator
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shown in figure B-13 of Appendix B accepts +12V. power from the test chassis and provides
+6V, power to the sequencer system. The regulator is designed so that no single component
failure can cause the output voltage to fail high. The regulator circuit provides very good
regulation over the required temperature, loading, and input variations, as well as with

single failures.

A bleeder resistor in the decoupling network maintains a minimum drain of 90 ma thru
the output diodes to prevent loss of regulation in the diodes due to the low current require-
ments of the magnetic logic. The +6V. power requirements for each replica are broken into
two parts. Each part is fed via a separate decoupling network from the +6V. node. The
power sense signal, which indicates the imminent failure of +28V. and +6V. power, is derived
from a special DC supply in the test chassis. It is fed from the power sense node to the

power failure detectors in the Divide-by-20 Counter circuitry.

The vendor-supplied 12V and 28V power supplies located in the test chassis are
shown schematically in figure B-14 and B-15 of Appendix B.
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3. Test Program

3.1 Operational Tests

The normal starting condition of the cequencer, in the spacecraft, requires that the
lower frequency counters must start in the ""clear" state, To clear these counters, the
COUNT INHIBIT ir applied at the divide-by-20 counter and then the CLEAR is applied to the
divide-by-60 and all succeeding counters. The COUNT INHIBIT signal stops the counting

action of the lower frequency counters.

As indicated, each of the three replicas may be inhibited independently unless the IN-
HIBIT DISABLE switch is on. This switch will release all of the COUNT INHIBIT lines, and

allow simultaneous initial operation of the counters,

Since the normal starting condition of all of the lower frequency counters is the clear
state with all relays reset, the CLEAR is switched on prior to the COUNT INHIBIT release.
The CLEAR should extinguish the 1 MINUTE, 7 HOUR, and UPDATE VERIFY indicators and
cause the CLEAR AND COUNTING indicator to light. The output relays are reset by the
MANUAL RESET switches. The difference detector indicators may then be switched tempo-
rarily to LATCH OFF to extinguish any indicator set due tn previously existing differences.

The RELAY INHIBIT, which is normally derived from the LAUNCH CLAMP, is simulated
by the CLEAR AND COUNTING signal in the breadboard. Therefore, if the relay power is on,
all relays will set when the CLEAR AND COUNTING SIGNAL is reset (light on) by the CLEAR,
Therefore, all relays will normally require a MA'VUAL RESET following the CLT.AR operation.

The X20 and X60 SPEED UP control switches should be OFF to provide outputs at the
normal frequency. Either or both of the SPEED UP control switches may be ON to provide
speed up factors of 20, 60, or 1200 times normal.

After the Sequencer Breadboard has been cleared and before the INHIBIT is released.
the update operation as was described in Section 2. 2 may take place. The 7 HOUR output
toggle flip-flop indicators are used to monitor the update operation. The UPDATE ENABLE
switch must be ON; otherwise, the update pulses will be counted as normal 1 MINUTE inputs
and the entire Launch Counter will be affected. An update switch is provided for each replica
in the breadboard. However, to obtain proper operation of the system. a simultaneous update
must be applied to all three replicas. Simultaneous update signals can be obtained by connecting
the three replicas together at the update i..verter gate outputs (test point 1 or pin 3 at card
location 02). The first pulse generated by the update push button should generate a 7 HOUR
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outyut and therefore change the state of the output indicator from OFF to ON. The divide by

T ring in the Launch Counter then advances one position for each update pulse; this should
generate a 7 HOUR output for every 7 input pulses and cause the output indicator to change
state, The final position of the divide by 7 ring is determined by the number of input pulses

in excess of exact multiples of 7. Each update pulse should also result in an UPDATE VERIFY
output which will cause the UPDATE VERIFY indicator to change state. If the Sequencer has
been cleared beiore the update operation, the update input pulses should have no other effect
than 1o cause the 7 HOUR outputs and provide the UPDATE VERIFY output.

The COUNT INHIBIT may be released from each replica individually Ly turning OFF
separate COUNT INHIBIT switches or from all replicas simultaneously by turning ON the IN-
HIBIT DISABLE switch. If each replica is released individually, the starting time is the time
at which the second COUNT INHIBIT switch is switched OFF. Individual switching ot the
COUNT INHIBIT switches is normally expected to cause differences o1. e 1 SE¢/'OND output
due to lack of initial synchronism.

Sequencer operation after the release of COUNT I ".. [T should be as followa:

The 1 MINUTE output indicators will immediately (within one-twentieth of a second)
change from OFF to ON. The 7 HOUR output indicator will change state once for every 7 X
60 = 420 minutes, with the timing of the first output dependent upon the initial state of the
divide by 7 ring as determmined by the update operation. The L-1 relay will be set after 56
minutes and set pulses will occur again every 68 minutes. Likewise, the L-2 relay will be
set after 60 minutes and set pulses will occur every 80 minutes thereafter. The L-3 relay
will be set after 60 X 17 = 1020 minutes and set pulses will occur every 1020 thereafter.
However, the setting of L-3 will set Loth L-1 and L-2 (if nct already set) and inhibit any
further set pulses to them.

The purpose of the voter difference detectors is to monitor the voter outputs to verify
that all voters in the same "file", or location, always provid. the same logical output. Proper
operation of the v.ter difference detectors (and voter forcing switches) is verified by applying
all possible combinations of inputs to the voter difference detectors (using the voter forciug
switches) and observing that there is a voter difference indication whenever the inputs are not
all alike. Dynamic operation of the difference detectors is checked by forcing each single
replica to a 1 and observing that the difference detectors latch ON at the time of the first out-
put pulse from the associated procecsor or voter.
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There are several procedures that may be usea to provide all 8 combinations of the 3
inputs to the voter difference detectors, for the static difference detecior tests. Perhaps tne

simplest procedure for manipulating the switches is as follows:

1.) With the VOTER LATCH switched off, switch all voter forcing switches to
the "0 state. All voter indicators should remain OFF. Individually switch /
each forcing switch to the "1 state and return to the ""0'" state. Observe
that all voter indicators should remain ON while each of the switches is
switched to ''1" and should go OFF after returning each switch to the
0" state,

2.) Switch all voter forcing switches to the '"1'"" state. All voter indicators
should remain OFF. Repeat the procedure described above, moving each

switch from ""1" to 0" and returning to ''1'".

The voter difference detector tests are intended to verify that the voter difference de-
tectors and their forcing switches are operating. However, the probability is high that even
if a voter difference detector does not indicate a failure in normal operation, that failure will
still be detected by processoi difference detectors, Therefore, it is not expected that these
tests would be conducted frequently. It should also be notzd that the srstem is rendered in-
operative by the complete test procedure described above. If it is desired {o leave the system
operative as much as possible, only one forcing switck should be applied at a time. The sys-
tem can then be operated dynamically on the remaining lines. If cperation is attempted while
using the voter forcing switches, the processor difference detectors will also indicate differ-

ences,

The purpose of the processor difference detectors is to provide a continuous monitor cf L
the processor outputs to majority voters, The operation of both the r.rocessor forcing swiwches
and the processor difference detectors is verified by the singular rank testing procedrre as out-
lined below, or in exactly the same manner as the voter forcing switchee and voter difference m

detectors as outlined above,

The processor difference detectors nurmally indicate all logic errors generated at the
processor outputs tc majority voters. However, singular rank testing is necessary to verify
that each non-redundant replica can actually operate .ndependently, with the other replicas —
disabled, and that the voters are capable of transruitting correct signals under these conditions.
If the voter difference detectors are monitored during singular rank testing, it can be verified
that the voters all provide the same majority output for all possible inputs. Singular rank testing
is intended for use in an operating system, with proper system operation throughout the tests.
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The singular rank testing procedure is summarized as follows:

1.) The system is operated in all normal functioral modes. If the difference
detectors indicate that there are logic errors present, they should be re-

paired; otherwise the system will fail during the singular rank tests.

2.) One rank is chosen as the normally operating non-redundant system, Its
processcr forcing switch must be left in the normal non-forcing mode.
One o1 the remaining forcing switcl 2s is switched to the "0 state, the
other to the "1 state. The processor difference detectors are observed
to verify that the use of any two forcing switches in opposite states
causes the indicators to be ON. (If the system ic operating with outputs
of both ""1's' and ""0's'" to voters, the use of any one forcing switch
should cause a difference indication). If all of the detectors indicate
processol differences for all the combinations of forcing inputs, then
it is verified that all processor detectors and forcing switches are

operative.

3.) The system is operated to verify that the rank chosen for normal oper-
ation is capable of correct operation for the desired conditions. I it
is desired to further check for the possibility of unknown coupling be-
tween rarks (other than at the voters), the states of the two remaining

forcing switcnes may be reversed and the operational test repeated.

4.) The procedure described above is essentially repeated for the remaining
replicas. The replica formerly forced to the 0" state is now switched
to the normal mode, the other forcing switch is reversed from the "1
state to the "0 state, and the switch previously in the normal mode
ic switched to the "1’ state. Operation of the detectors and system

functional capability is verified as before.

5.) The procedure is repeated again, with the last replica (previously
forced to the "0" state) now switched to normal mode, the other forcing
switch reversed, and the switch previously in the normal mode

switched to the "1' state. Operation is verified as before.

The proper operation of elements throughout the system verifies that all processors
are operating correctly and that the voters are capable of transmitting correct signals. In
addition, if there is no voter difference indication during the procedure described above, then

the voters provide the majority output for all possible inputs.
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The difference detectors may be operated in two modes, either continuous indication or
display latch. When the indicator latch switch is ON, any output from the difference detector
will cause the indicator to latch and remain ON; when the indicator latch switch is OFF, the
indicator provides a continuous display of the difference detector output. Separate indicator
control switches are provided for the voter and processor detectors. The voter detectors
should be operated with the indicator latch ON except during the voter detector testing pro-
cedure. The processor detectors should be operated with the indicator latch OFF during the
singular rank testing procedure. The processor indicator latch should be ON during normal

operation.

The ability of the unit to tolerate power failures without loss of existing counter states
is tested by turning off the AC power, at the test chassis, for measured time intervals and
noting that the system outputs still function with the proper timing after the measured time
interval. Note that the time interval measurement must take into account the built in time
delay of the power failure detector (approximately 3.0 sec. ) in addition to the time the AC

power is off.

The equipment was tested, as described above, over the temperature range from -10°C
to +85°C with the three DC power inputs (from the test chassis) varied, in all combinations,
over a +15% voltage range. In addition, the susceptibility of the unit to single component
failures was tested: 1.) by opening and shorting components in the oscillator and power
distribution circuitry and 2.) by removal of cards and single rank forcing in the circuit

redundant circuitry.

3.2 Test Results and System Changes

This section includes a description of the problems that were encountered during the
test program and t .2 design changes that were made to the system in order ‘o obtain the de-
sired system operation. Minor changes, such as wiring list corrections and the addition of

pull-ups will not be discussed.

The only design change in the clock divider chain, including the Divide-by-4. Divide-
by-480, Divide-by-20, and Divide-by-60 counters, was the addition of the clock to the output
decoding in the Divide-by-480 counter. This input prcvides the same functional input as the
switched power input, which is a necessary input in the all 0's decode in order to provide an
output with AC transitions to trigger the following shift driver. The clock input to the 480
count decode was included as a matter of convenience to provide comparable timing for either

decoder.
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There were a few changes in the 7-bit register in the Launch Counter. These changes
were required by the timing problems which occur when a switched power voter is used directly
on the nutput of a buffer, rather than on the output of a decoding gate. This problem occurs
because the output of a switched power voter cannot be a 0 until its power has been turned on.
The power turn-on must be slow to prevent spiking on the voter output, so that there is a
significant delay between the beginning of the shift driver XFER pulse and the application of
full power to the voters. This delay presents no problem (and is actually desirable) when
voters are placed on the outputs of decode gates, which are 0 on the output only when the out-
put signal or synchronizing feedback is present. In the case of a ring counter buffer, however,
it is a 0 every clock pulse when the output or feedback signal rr :st be inhibited. When the in-
hibit is delayed, however, a significant spike occurs on the output and feedback signals before
the inhibit is applied. The only functional effect of this spike occurred on the feedback signal
which was also wired to the buifer inhibit. This addition, compared to the former logic design,
was made to linit the total possible number of 1's in a ring counter in case of a failure which
niight insert consecutive 1's in the register. However, if this inhibit is applied during any of
the states of the counter which should contain a 1 in a magnetic bit, it rapidly destroys that
information, even chough the inhibit is applied only momentarily. Therefore, significant
spikes which existed on the buffer inhibit could not be tolerated. Disconnectirg the buffer in-
hibit eliminated this problem and does not affect the functional operation in any way. Since
all other functional signals contain a high degree of int:gration and a high level of noise im-
munity, the voter turn-on delay did not affect the functional operation of the sequencer. How-
ever. the sensitivity of the test equipment is such that incorrect operation was indicated on

the test panel.

The 7 HR indicator would toggle from the spike on the 7 HR decoder which resulted from
the timing delay on the voter. This was corrected by placing an integrating capacitor with a

discharge resistor onthe input of the decoding gate.

In addition, the normal voter placement on the output of a decoding gate results in the
timing of voter turn-off being determined by the turn-off of gate power or the XFER signal
from the shift driver. In the case of the voter on the buffer output, the voter remains on
until either the buffer turns off, or the voter pcwer is turned off. Since the last bit of a
magnetic register normally has a very slow discharge time, the voter tum-off for this case
was determined by the turn-off of the voter power. Normal variations in this timing would
cause the difference detectors to indicatc under certain conditions. This indication was elimi-
nated by reducing the discharge time for the last bit by connecting the buffer inhibit to the
XFER signal via an isolating diode and a lower resistor than otherwise provided for the dis-

charge path.
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The distribution of the voter and gate switched power has been changed to include two
more voter switched power gates in addition to the 16 available on a single standard card. The
two logic gates that were cha .ged to voter power are the voter gates formerly connected to
gate power. The switched power to the 1PPTHR decode is necessary to inhibit the gate when
there is no shift driver XFER pulse.

The common input power connection for both the Bl and B2 magnetic shift registers
(formerly pin 36 at the magnetic register card, NS3) was disconnected and brought out to
separate pins. This was necessary to prevent the inadvert charging path which otherwise
results in feedback from the first bit of one to the first bit of the other when these bits are

an internal part of a shift register, as used in the 17-bit register in the Launch Counter.

The shift driver was slightly modified to reduce the shift current rise time. This was
necessary to reduce the 0 noise of the magnetic registers. It was determined that the reduc-
tion of noise immunity at high temperature, due to reduced diode thresholds, was sufficient to
permit the register to regenerate zero noise to a logical 1. The shift current rise time was
reduced by adding a capacitor from base to ground on the current-limiting driver transistor.
In addition, the trimming shunt resistor on the emitter current feedback resistor wus re-

moved to slightly reduce the shift current.

The power distribution was changed slightly so that the power to the voters driving the
Launch Counter shift driver is connected to the same section of power as the remainder of the
Launch Counter. This was done because the voters are actually part of the Launch Counter,
since the failure of such a voter causes the entire Launch Counter to {ail in that replica.
Actually the combination of multiple functions on common cards does not permit the exact
division of power distribution into the proper sections, since the Divide-by-60 counter shift
driver, gate power switch, and voter power switch are all on one card. Therefore, the failure
of Launch Counter power will also cause failure of the Divide-by-60 counter. Failure of the
power distributed to the primary divider chain, however, will also cause failure of all clock
outputs, including the 1PPMIN and 1PP7HR because the buffers in card locations 9 and 10 are
shared among the Divide-by-20 counter, the Divide-by-60 counter, and the 7-bit register of
the Launch Counter. If buffer card location 10 power were changed to Launch Counter power,
then failure at the primary clock divider chain power would affect only the clock outputs
through the Divide-by-60 counter.
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In addition to the modifications and changes described above, there were several modifi-
cations of a minor nature which did not affect the functional operation. The more significant

of these are listed below:

a. The test inputs from switches on the test panel for CLEAR and Voter 0
forcing were amplified through spare positive logic drivers in card loca-
tion 22 to reduce the current required through the test cable and switches.
Puilups are included on both of these inputs, of course, with capacitors

added to the voter 0 forcing input to improve noise immunity.

b. Drivers were added to all of the toggle indicators (1IPPMIN, UPDATE
VERIFY, and 1PP7HR). It was found that the switched power voters and
the switched power update verify gate, due to the slow power turn on (or
the lack of pullups on the gate) did not provide the fast negative-going
transition necessary to insure reliable triggering of the flip-flops. In
the case of UPDATE VERIFY, the problem was solved simply by changing
the existing driver; in the remaining cases a spare gate connected to

DC power was inserted on the input.

c. Several minor modifications were made to the initial configuration to
improve noise immunity and reduce noise sensitivity to the test panel
switches. These included the addition of pullups to all forcing switch
inputs, the use of a resistor-capacitor combination on switches to reduce
the generated switch noise, and the use of coaxial cable on the update
mnput to reduce noise pickup on that input as well as the addition of an

inverter gate on the update pulse to the Launch Counter shift driver.
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Appendix A-Logic Diagrams




BLANK PAGE




g

RE B EevEees

e
| ]
SISSYHD WIININOIS 40 TINVS
SIS #0 TYVOT MOLOTA FOYYT MO
Q31v207 S/ AdLind¥I TISQINT ..ka)\/ -
X X
............................. S
) w S W
<
e ——— | ~ a v
2d “ < ~
dysge o(Y h w02 t 0 —1h \ & _um m
| ->- L -3 ) N
_ - ! R
| | Y
| . © X
| . m o -
' 1
‘ | |
! 1
| | I
_ o L — f
29 N 5 N4 1 ” _ ! b _
I¥ ¢ &S m@ﬂ éraﬁ:ou ~nw?‘"|AT|".lAua|. ¢PH>¢ [ .uwo F—— % "
! o — F — "
" - i
! ! t |
| ' ) ]
I .
\ ' | |
t ! | |
| __ ] 1 '
" Lo = \
o 200
o>y M g€ (@n —Ovce [er an."‘L, LllArIl.. w3sangd — 50 { !
720w (S 1 v v )
Rl AL VT ” TI'II il "
i
L e L e o e 4

s gt Yot W

——




d
(CFLOA)
o6

vd
24

Jo—

/ 300
< «(z
\_ 880
—

f>

¥ 36

300
a«M.._ #—C sHh{e/
L / 2060
or ,
\ /

I X0 W04
v ryod

¥ 26

n ol W4 LNO
WO S5
73004

@m ¥3E

[

>¥96 mw @‘4

€d 2

(@3100)0% 9 ¢ mmwrr

N3O

s

oS 2 1o &0

A ]
)0 ovse
)

B e

WESTINGHOUSE

ELECTRIC
CORPORAYTION

SURFACE DIVISION

BALTIMORE. MD.. U. 8 A,

i

OF (4 SHERY®

swegsY 2

ENGINEERING SKETCH

;

FiG A-2
DIVIDE-BY-4
COUNTER

e

A-2

* I—— [



REVIEIO™S

oty A

et :} @—

N
——— 6 o3a ZIOXD,? 0202 Hrb’ 0343 (P pays ULV a3 "‘—TN? 038z |* 42
o>

ﬂ '
17 004 ,_TJ>: o

by

| I 0o+ T 4 004 ‘"*"‘P 53 o gy 30

1%
_48g, j
ReseTe

.
3
"
o
—t

e J

1

Lyl % e

aonsr%} &

mmi} o

. e e p———— S R S |lu m




38 38 26
J
s
| odas f‘ i DTN rL‘FD Sl oyes 3‘—1
o /s ?
cow W_T_o s/ ooe ‘rsﬁ_o 29 a0 b

—d

i P

174 ZOP/SE'A
o010 o

23 4300 I K8

2/ o4 e

R PTY: 024
—- /0 3 /.Vo—-—-—qr—-g 10 3} /13 O~
- (1Y ({18

— — VTER 2
>B| e oss re /1 ssp I
~2. &) 2|2 10)37 te /7 s) /6 L
—_— o 24 (713 002 les /8 L o6 C
e
280 B (314
56 3 —_— \ —
4 - Sws e 0 osf
- 1l PINE $o 32 9 J‘O<L
—te /9 020 oz b 38| Q02
7 s} 16 O——t -
o " o082
osw2 Y| osr
—_ - s /)3 bo- 2% T2 O4
oot oo 28| 002
-> Jo oz
?) 60—
o> 3o 06l
29
o0F
oor
§ 2¢
LD j
ENGINEERING m; :; \F;E_s-ﬁ[ >HOUSE
ke /G H-3 ELECTRIC
- e - . CORPORATION
s >
- OWI0E-£7-480 SURFACE DIVISION
T | Toome siimuone w003 |
) SK
j-»?/é’ snggr 3 or |4 eweTs

I

Rl TR



[ [ Lo i ) b_
r
\?ﬂu s | Y ka_. m
e s ‘ »
—{ oy :
\J \W-\ _ Wmm = .. ..M _
ike £ _u <
Yoo Gaw ¥ e |3
. o -
e o BN
_— —_— 84 N bl 4 N r *
¢ r«!!.(:. m OMm .
oa- 3] 9& 3 cazly, ;
EnHC\ - —_— (72
¥
M Zoo _
d
.a___ QEEll s .
an| BN >
M @ﬁ ot F ez i m ¥
L] -4 x4 (=3 u, \ Dﬂ
v dr N
S A 95— A RO
v 200 i+ - @ | J ) MA F_f— M
O o |4 of = — i
vt/ > o2 m,/ _.U )
14 » JI¥ wasx . = 0
] I5n (s > sy X .
L L “p\..\& ! I
aL uImod T, sQr— — qpo 1z v gz ; 0
/;,_ (7A. s { g > NIALY _ -
_— > :
\ 20 o i
2”5 \$/ L R | VAN 4 72T 1 | _
. X |2, ) } : |
~— 7 SUWS TV QL ¥IMS Q
; L 5 i
— éﬁu&f f
200 omAL e C (<14 > .
MO o5 1 s Coeg(s » et AN
WA IT 2o ' e 98z ﬂ C
' I
‘o < - Mooll_ |
PO rslz/ w29 s |8 o
lmt 2 < N\til_
21d T
51 X
z0¢ h‘Av,lI 200 m\{
)
COR0 e e e o 5 ) s
LT cHI_ J
BN - [
23s1d UOA !
g™
¢ v @“u«ﬂ\o\c
- £ Lovs ue 9 w02
voc \
A
os0 _""|ze < e
jy
ey 738 - geo |67
Obe
} BNOXRMADY

v

S
1 itmitatmess

I

-

KAV

S At b

o

-
e

SRS I

)

S

PP

RES




o durugrtrny

P 4 ]

> wlal |y zz <l &
b4 KT Zuln |3
If. v 3 20985t !
o= S e
IEc30f: |7
58 Ll
b wors | WG QEL
Wl omEL Il
v Twos |l O L |
3 O%Fh
——— — - - — - ® |3
— |
¢ N L) x
MO iz 2 g 3
91/ 7o) 200 o/ <* g ﬂ_D @
TOwis , ° AL W]
W Ju= o QY
o0 {2 mAn FL N
300 & < ¢ <
3 2 N S
Cp /\ 200 Jp2 In i -] F V O
LT Ozl S <3 8 w O
4 B
— - el o
\ 200 A 200 ‘\_ 1 1@#(&(\&\ m
—O orls e szle 6 - [73 T
\_ 3w 250 00
og < ! _
o e —Ogs | 4 6 Tl - = | 5 w&:ﬂ&w
- 420 293 N ~I o N 25~ GH@ v X N
G mo L1 "\ o ST \ i
an N » 4N e
504 &/ i 4
- i — .
kL > \\ 200 {4z M 200 200 | #y o q€0 i m i
mﬂwﬂw L@Ql.r.o\u_/c 7zt s ls " < —O sl ¢ - o s
v \_ 7% oy o N2 vl .
hd ¥a. o [}
sd P — J 2
Nily ) BP(g e 22 é . Nwld !
s , o [
07— 73
Ny ) ) AN 6 \
v -
- &SN £2 < @A( vww;.k
Y3404 AL ¥ < 7< ’
340 oy < a0 [
WALON ddTm] SILWD TIV = .20 A%
04 waMad AL 48 [E _— \|
o0 ¢ (1IN w 09
>u,¢||)>\<.IHN|J 4] 8N q Ya4X
vio T P {12
| >
@ a Q.En)h
Y Py
sp
PR
)
(- LATE & s (L9
B \ae vEi EL _,@ wxwwG
AT At t O | o v
v, (@ NGt 1372 r-or
A -nomn
&+
AV ~ SNCWADN




L nens e g

154

swiey 9fe3 Swisr(-)

e Bwiv
f ®IVER ez
NS2

33
2
™ D:q - B 3 17
DI JIN CLZAR @)_____- L g &
3 S
6 a0 B
} < | - —
B [
c; A 1 2.,6’13
vk’‘s @———l L
Y T) e
6 ”
ag;fr”/' 8 @ / - 6 £
74c 3] wsa /S
(A %
A 30
—£-2
s @
¢ SN\ e
| o
o> NSA
7]
(—)uq 7
P 17¢
4 |
456 igTl NS3
A * .
3@ —— |
< _——— -
' T
| t
| s3] sef ]
L’ 1
240 17¢e 52
44 ! NS 3
A I RS =
1o My
R aE
07 Lo @ 42 4s
10
< wse




- 27] 28] pl 2
2/ 3
o8B}
28 P
€ w13
_Lsa$
Adornt -
L J‘NSS

%{S ;;AC

1

A
Oie e
<

P?

)

+6V
/8

A-7/8

ENGINEERING SKETCH

WESTINGHOUSE

Y A
LAUNCH CONTER

REGISTERS AMD BUFFERS

ELECTRIC
CORPORATION
SURFACE DIVISION

BALTIMORE, MD.. U. 8. A,
[ . . vmuen te e soseemmn e Svmay sawiNe

(Sheet 10f2)




’
i
?
|4
¥
’

srea b QE%*__
’C S [13 oVY T
8 '\ e
o G o— Z
<
17: TS
i O—1
~rLe
8 2
-c S A
b 2\
-j-?Lci v
5
T“L(g}@_
A a1
0L
A e > 5 5 oot
B ‘-
S §
ourATry @—l
-71c ¢ e . [oa
o> b
< 4 (124
A . T
8,
% I R I S
N | ey -
% “{% "
Lo
T 6UC ¢ —
o551 20p
si| 0oL e 2tne %2 2.1¢
¢ 5 5 113 O— >\ t2
—~é0C A @ . 802 *r o4l o2
B 3] 2om N\
Foks 7, 2.3 O—————y
VaTPR. A e 25 oo
wmre N
TG -
¢
— Si zep2
13 )45 O
@ o
c 20N2
A > q 113 O—A——o 54 15580~
v 3/ 002 eng
C &
A 208
5}@ 7 2} 4 O— " xp
< 002 | 5] 16 O
- - /18| o0z
; ECY +6v
uPoaY 41 % " VATER =7 LC
e S @' 20l 24e 21p1 2] 58
4 22 ¢} 21 O psoe——> §5 16) 70— o7 2l ¢0
@ o24 oot 102 —o ¢ oo
] 20
3
Forct A “ eepe—
qﬂw @ 212 »20| 21¢
170 € 49 13) 4 § O] pb—o 22 é 10O
002 o4 002
A
%@
< ) ziA , o191 21p
0 )13 O~ %17 s)/6 O——eg
)
—ice (;"}— 002 b5 | ooz
A
¢
Li7LcA G}
R ¢ 1‘18[ v
AR @___1
8 o3
c
vorek 2
- 126C ¢
—.




—(7)
4
_@ B =7 Lc(voTed)
- c [ 313
VaER 47 Le —-]-— A
K —=H em 206 L~
v 4d) 1380 >q4 e} 230 IR e
‘ 39 002 ooz c
:wg—*“"
I ——T1 213 D .
® p—o 54 15)58 O S8l a0k °=°ﬁ A
: 50| o2 > 47 1180 . {D{s 17/74R
- Ll [ L-I8 P|o
-~ 53 <
1 —o S o,k ! p
? -—o 5o #4148 O———" ==
: .'...,947\_6()&
A
=@ 5 pe
C
—_— T -
3 o 208 ?)360— 4/ A
6O -2 > 2oM '
(e-32) OoF ) 38 0— @ B ¢£-3
' —39| oot c ¢8
[ S ) % re04e
c B7
2C O e
A
D18 e
[
43 ‘
A %o (7o)
Q@ &
,
N [£:1
pIZ
——
228
%4
20F
—_— ot 1)2¢ O—
002

- 52 05y
(> {4 15)58 0——9@
——t> 5§ o8t .

22!

Q
““‘_’A’L’.@ s
s

”
—_— CLonp Ave
\/a-nn:,@ {3 cannne

GND

~— > 590

l_o +* 002

Y
A
4¢® B TI74C
¢ P7

Pl

[ ]
;@{: = 1746 voTHD)
,O [

XX 4
ENGINEERING SKETCH WESTINGHOUSE
e & A-6 ELECTRIC
U LAUNCH COUNTER | Sorees avwon
UECODE AND VOTERS e
(Sheet 20f2) (K Q.
4—7//0 'ee sHEgT 3 oF \& swsETe

At i e v -

. -



29

4 -1

a¥

e

Pl
N o T3 g Y
‘.\ix 3 g3 IR
N3 ~ VA
“ ['3 " @ “» [3
S [~ I
i
!
1
] |
! i
[
|
| |
|
L
- v
<a g <5 Y
ez 3 e 2
9 o N
= Rl o ~ & ¥
o 4 o o 3 R
* J 3
h H
8
& & 60 €
<ed T [-ar“yrey To Vo < a o = woNa » < s-’:\'u‘ <m0
~ E - Ei L) g > ':l
! 4 F3 N §§ N
N ~ ~
» Y 3 3
4 _ -y Y
N

RELA
CLEAR

ENGINSERING SKETCH

e Fr¢ A-7
LAUNCH COUNTER
RELAY CIRCUITRY

RELRY COIL WIRING

WESTINGHOUSE
ELECTRIC
CORPORATION
SURFACE DIVISION
BALTIMORE, MD.. U. 8. A.

(Sheet yot2)

JIS




GNR (328 V)

14
c 2

N
g (&\__GNn (:28Y) Lol ko g
s/ l & L5
AZ#A B525A CA4A £l LieHT B
A@ 6D Ca23y) s N3G NSL uEe Te.5 N2
| 16 J'S: >
7 ! \is s 2 ‘s /2 L0 LIGHT
L“" ] ¢ ! Lol S @
2 ]
1 H T
| 8] | ) 3
L3 ‘3 ‘ ac MAL L -] & e fP‘
H 1 l {Q A8 10 }A Jg8-28
L] ! P I
rlof’ Lot
e 1873 .
[ "L, }{ . ¢
! | o )20
/1(( /’.4; L — ‘7
- |
Jg-27 "\/3 J
N
‘-Luaw
10
A 26,4 B8P CxA -2
15 NS Ns6 NS6 S
I/c r) /4 r)' ) /-’:?
1842 ‘ R Y- tre -3 LIGHT C @
: M-z \e
‘VL' £1 Jr !
y | /g::)/ y Be Ma (-2 G’ [pi3
i?m IQ A8 4 |A TB-31
L‘Z ”
| | '
Aot Lor et
e | T e o st (D)
lt' l 8 20 I 2 T8-32 3
ﬂ
!
1
MO fe- @ /m,@
76-% J
L3 AICNT A S 1
: T5-16 @ zﬂ
A g4 824A A 43 LGHT B _7)?3
cﬁ_‘*}d“ N6 NS¢ T4 17 5/ o1
/¢ [‘ﬂ) -
't:z ! (te2 . |z L3407 £ 3]
O l . T4-18 1Y
; 2 | I 2
@ P > Be = Q
R 7 [ itie s b “.m_c_“ )'
£-3 | ot |
| L24E Itz g'?_,n . Ma)_L- 3 (XA ..Pg
| .y” J8-35
a

~ s Vil
e | e
— LAUNCH COUNTER | esormonacs omaon
—_____|PELAY CIRCUITRY) 24LTMoRE MD. U 8 A

A-/2

RELAY CONTRCT WIRING

NG

A TIT A T)

svgsY Q oF |4 swesTe

,—




od

3
aHSIY a2tNFA TS U@

crd

(3
ML/ ° AdiyzA 3I¥0dN

LD AN I O40 B @llﬂ_-mh

od
LNOIT 44tazn uwad0) Y Ame R

HDe  isnur su0an

|81-8¢

gsd

b1
200 NI ~00 )
O B¢t ¢ \RAL' s d
H2¢Y avaeg a <

A ETIp ILHAOH

LT Q3200 ) W/ 7 D @! T

ad
[
Hsrr(ezurdIai iz s B\

J HYITID Ao

2e
200 _1 400 15
—O&H{n uvd._‘| b Ar_r
Q290 \o2¢eg g

£ s AI@UE&S!E\

n-er

cd

oy (02207 aw/d 7 ¥ @ I-sF

@m ¥ W37 ABD

200
—CQs/|? " ‘I@l fazupnrin/a /
miy

@( WVITO N

vl
26 s 400 L
O+l 920w 2h! 2
wees |, Lig :&1@:%%\:5!\\\

e e d —




.gli

<

(TN g

AHS1T SMIYVITY f VI D\

nr,L

{

LNDIT DN § Ywars 8 Am -

W d
€ e

‘@uﬁgggs

LT SN b IVTTD v ol )¢

od

@m 132 SNUNT ey TS

sve s umy sy Do

erd

HDIT awi /Sl B @u

od

@ ¥ LU SNLEO T VT

@u LR

572
400 €
IA 2ve
g g u ocel <
TER
&
woe &
i 200
£gzsy N‘Aromuw ¢ 57«

wieg

42-8L
20>
5/(+
vZ-8r -0 wzon |
P14
O+
22-8f 05 I 1
@ - 82
372-%SL -O8s (5 uub._‘l
20D
200 2%
-0 g5 NmL
e Whﬂ
12-8L

LAY Y S Y (&

Do M et !

2
©< NNy

W ESTINGHOUSE

ELECTRIC
CORPORATION
SURFACE DIVISION

BALTIMORE. MD.. U. 8. A,
KoL X L B
K. G

PosgRY

1§ OF g swesTs

FiG AP
TEST LoGIC

1BYNIk, UPORTT VERIFY, IF) I HR,

k——.
freves

CUEAR & CAWTING  LIGAT (NATS
(Sheep 1 ot 2)

[ L —

A-13)14




— - J
< o~
T —_—— - v
N\ - L ; - .N
&..W\,! o D >~ ,r el .
v Lt f L3 T F— _
3 S D W lllTl . _ i
— h - ¢ | N w, L-8c .y
e/
) C o——> .v (— O, I Sy Ny s
AT/ A — —— ‘ \ _
t N i
o o el e o - ,
il _" 2> (=2 s
N— "/t
s ) — ymb. L e I S SRV
— (- sV
-+ .H« N
- -VN‘ f
— y— -
e , Aﬁ ! -—— _
[T ' i ' I
. !
_ 2 T | — L 0
& = N - t ~ -~ 7
& < LT "
S35/ ﬁ\/ 2 o ! wv }
7 .
e 3> R 4x_ — o ,
L _ J -, S-8C e
I - ~ . </
253 | — C— e R B
33 > - | )
S8 R _ - . I’rll\l.lllll|a
PYruN
oLp — - T T U G
it — - c uv.t.\....ﬂ £
< = = 5/d OF
S L. > e - - — Q.vﬁ‘;.a» u_.\».Mb. Pst 2ot
T2y 5 b - ——- — 7v1'u@Q =
kel 2 1 >
V20| Ay o 2D )
Medv AP < . UV'.J — - |
1 Ll i
3 a
Im 137 ] = ~ T
- e A _ Q7
TR Piehe - 1 « 7
e )~ —> N ~ - | !
)~ —— ]
S S | ¢-AL
| ! o 3\ S e
| O—e | )T 4410 S35/ 07
b— o o> | _
- ! - ~' o d
2 @avah b - o2 - G{W\ 2
=\ 1 ~ o 29t
ol aror 2 rssond YT o N> ay:3 Vm 1, 55U 57357 Od
VW C3y—T T—® [ vy~ - -~ T sl
v@ N S T — ] \
PSR RS A LIRS e & ' m( 11 |
= T-5F i ] < i
~
t Lﬂ ALv M 3~
2
m@ — | %> ’ | - < |
PEUEIFA A.AW“ Tr>—- \
& :

\,lr!
~uws SO~ \CTTTSE

L et Ae e oA R b et )

L e e L ]

-]

™

Ll BN o




B Sk o T

ol

> un.-v( - ) ,IHI _ - —_ — N o I‘I B YI"'”./”' ’g w&& E A- . m m
| =7 A >7 09— [
— — & Oy — s e B A3 ol ML LS DY S 0 NW& £ i
o | - R S Y RS gugeal il
=3 ~) [ 4 als |-
| u Ira52|
— e e TN < _ mwm:n_f 3
|~ , | N @ SWa Q8L
| | ; O LR ﬂERFM N
b o= \ | o w OSE|E \
7Y | e ! 2 Vag b £
~ ¥ an i R _ b
ST ﬁ®y® BRI ] A _ /_ _ _ ,
X “ = l__ A _..I o J _ — N g 11)/ - v.-ﬂh e
I _ e ——o \/ O— v . uv.&@ 4470 07 a® = W
> _ oD - L \\ ' ! ||\\\ m ﬁl» M
- S T ST oTTTC Yoo O W
Q- - - - - ity ) RSl
f.#l 1 o = \VM,@, uw.M_\I m1/r ~l W m
- 13 e S N
A aVi«ltui'l MHS m\\».w F» M
- meill_ | N
| T T e < ol , &
D - ,.,n.v wH _ e M o F
sru- P o> NN
- s - | .I‘ _ . XX
@ _v E L. TN _ L vi-ag M’
| k @ e —C> O Flvwlvw 2310 uq el = |
1 _?T o o =
P T ITIIT L . i i ~

]

VJVV‘&

— EVI'A mv
- 74—
. 33 8P 2in0 wesiFTwy
- ~ o

. B

/j 72155{10
v v

gl

C3in

~
v o
Z

_

, c ) rv i /H _ \ ﬂ- -&L o
SR, ﬁ _ L v ﬁii J L v olvafw 2000 57 12

| [l
_ e e e . — . . L T~
- o Do ,I\nvnu . t\o\\
. —e @ =) N AL ST A
+ — 59 e z e~ Q& F P
o~ y




S * @ |
L V % |
! T wm Y~
z
&) - "ﬁ\ : @ "
(oason> nimtd i oD~ > _m\ |
\n nd
3
! L. 5 s 54
! o+—o oO——e vlv@ Y
! San! 441G Gata1 ) pon Sy 1
P B — !
T s e T T e e - T T T
‘4. _———-—--—-—--""——=——=—=-——- ! \ 49
o> _mv MW eo o9/t 1
— : w 1 AN WFLON
oS _n_m © 6 Pwes
> ¢ |
- % _
o s —
£ o -
; ERN) — a4
& i _nh < i
(o #a00> 2238/d/ @ | m.,r | i
+5 - v
(e r,. _w w_ ATy o
“ Co——o Oo— O—o, H1Q (@211 D535 47 1
&g — | !
> - e e e e e e A A e — e e e g e e —— . —— —— e ——— — — i e e s
¥,
L N [ ([
w2 r\(( — _k v !q._ m,. cd
id | “w dasldoz
ab29 3 o _g - @9 8[./, 400 ¥
aRY x - 8 o8 (3 Bres
' ’ e I
o 15 |
. L T |
~ - «
_ XK1 . .
o ley C m oz
o 1 < “
|
—> ~y— -
“9 rv ﬂ_ 8L td
\ Oo+——o Oo———= O—+ 2310 (Qa.00) o75/d 02
*—0 g
! g S |
o = e e e e e e
< a N b 4 ﬂ. N\
e ¢ -
© “ﬁ » 79@ 2 v«urki
_ - 8> B 2829
w% — -
T2 _“ _
[l e Il i
a 7o & T m o
nvﬂ | Aﬂ < 2 |
- 5 C — __
— __u\ |
o Y ~ ]
“# n_ 2- &d
! Oklll.v OoO—c @awn)dN %,
WXy ¥3.0N @l&vjﬂ td .el./ |

P S e st 3 e S Bl mee




@A) IT0T = * @

@3401) u.:\‘“lm @

()
(N )O7 L~ @

D & B~ .uunu
| 50EY 81 .1, i uam
- | ﬂ >3 @. rved
|
> _emn _
£ £ 5d
> 3 — m 5 “
! Ty
t ] _
< - i | _
: . !
(& = _vw, . O|.hc.8 tduqﬁ.
« |
| u o ' o ! k\\QQQE ’
|
K o ___ - == T __ -
- «uTAw 49,
R4 = & B/, w0 200
. 8 |
_wv |
e P ) |
> e Y
_ T3 o ¢ g “
> kN |
Y !
LY SeL ‘ n\\vUQQ
| o+ o—> O 0 (a1 =
U | -
_ 1
1 15 __/ /=
e - <
llllllllllllllllllllll RS o7
- _ Y- rﬁ& ol, i0dLD0 NZLON
_ N 2 Powed
S S _G( :
o Py |
- 'D |
| _WVIIII M m w z_
_ T-F o .~ 20
l P -
|
o Iy |
o ",ﬂ\ i k
: , _ ! &/
- rv O|,.¢'_ (@AY Y {
_ O— | o— i ST :
|
b~ o L/ L b |||||||||||||
e I s
_I.lllllllllll T A Nirify | .,
- _m.” .rr n\\¢§%n‘ol.h&
o> _m\ _
> Tﬂvl i
< __% _
— ~N\ _ N

e s R G

w o 4l
mmW..mmm
..lulsum.n4
mRﬂMD“.m“l
obE "3k s
NEMu;mm
m.:_“nm"fu
gUoLEl ||
3 "%kt
(%4
£
b9t B
< N
g~ J g P
Ee £ b
M././U N
'S5 B
WEF
B

A-178




o CAS

(Fuse LIcaTED O
in LowEr Le

é
tlov
Za
—_—
b D
A
08-36
4
1

JdAGIFdS OF

Fery] v 9.

JTeWw] Ay ..,

Liminwy AV LW,

L) WRieA D,

Dryey
o
Ny b4 “wyio,
',
2 : rang TN 8
¥ »

w0 i v,

MU L-2

3
iy
[N
8
g
w0 ez . -
HE @ | ]

Nrsvy WesEEIONy VS %@ J

MAT &-1

tHey x NEaN

5 Je?f %% k¥ ks k3 kn
3 ..l& 2 H&M @M M%&
y , ’\ _ + - r N .:
« N . CJ

o A ..mwu
._.&..

. [
~ T - 3048
[1]
DS 24
L Nf w
»*\7
TN
= - B~
]
- O=E
2
@lf/"# - A=

‘l
39"




| REAR OF TEST PANYL
FToCoRWER)

+8v Suercy

.‘_" —O.N}-__a—n

+/Rr
Y| Sorrcy s,
W3 b b
R et

5-26 l
. —t

‘ 223r 8 I

[ . > ) = (AL
 +28v $-27 = e
_——4.‘—- Svemcy ..,’) -
Z’OGA\- b S\ap

con MR —————
ey 2@V SurPLl aAg
30 rust ow vt

(ACCRSE ¢ « kCAL o
S0PPLY)

‘A’ — ]
V——-q/ 5:38 Ser A &0l I3\ L

a2y Ser A L2 TR ,@ '

o n 528 Ser A" L-S3 333 @
r——e/M‘_"A__LLD_@
— 33 8 L-t -

——o"0 $-2) Savr "B L-2 I3 @

b n St Sev ‘8 (-3 3’_5@ be
W 8:3e Reser '8 nﬂ,@

.,__-o/ 32 Sa LR -
oSt Ser’C L2 :n-n@

343 Sgv "C" L-3 h’“’@
' St Keser QS 13-""@

-

-
'y

e

8. L%

~a*
‘A" __ur-DaTe

v: LI 14

F

pit ENGINZERING SKETCH WESTINGHOUSE
g 5 A- 9 ] ELECTRIC

o T EST CHASSIS| SRR o
——_ | DHAGRAM e




TINVYE WV 39 XU of; Mopogn Fowvy NO
51 wOLSIIRY MO/ VS CTINYE WrEY VO 3 S INIB, TLNVIXD IILYNFH 2)
£12547 TTANKE WYIY NC IJVY SFousidNWYL da 2&) Youvwmozy (1) LdaxF

TAvrg YVIY ANO OVBOS NAUDFA TITIWIMS AO

Qa D0y AWLIMYID 309y 340V

‘TINYY VY

30 QUieg VUIIA JOVKRT VO Cgibd01 IVY

(IND ISNIS MINQ NI) 2ARY SIOCIQ &IbNI oML 131N

S1-TE @gﬁuiv

(3sNac W~y Qnd @.

.

ST AWTIY p BTN AT L AT S Hmfﬂ\l

Ll et ied

M MmO _l. @
L1531 a0 ievdaew LTS n-z R L3aL) AT

»d ) 2" LIGINAT N0 B
- . >
LISIHN d@t hgmm;uwkw«sx&uw\Wzle 16/ vigmy 09 N ~t?§b53
L o3 L\ ixws vy
r~-=" 33N~ ~77
od . 1, QLB v § mh . Py
Ligng 8y ) h:—MuWQWIWW\I\.UMﬁNMW\MMDW ) 673 ST=5 & @.\u:,:: Pt
mTTTE SR T T
Uy sm sy p S 4
SR i 2 arzn mpvg pameg 161
sole e 2 e
JU~NED 99 L OARL WIS 0L (AN 02&% (p J&— w (3Qwn)
163 mm.u—wﬂzgaauu MoV D
(A
THIAUA Aviay 2{s e e T —— = — - v -
§ PN MONARY 0} (A9HYIND \ﬂ 4|“ ﬁl
e M e
- Py >
(5 1 _&u:: LN & £-? Tzt
( u@n T )
|
! ]!
P 50 ‘e J ﬂ
RIS O NNV XXPN DL A - » % ]
[t @) 4 . I 5
| e orras | B—gze®? -or-
| |
%
- 40:”/\;4 T P
| |
| “ oN D
I u@t b_ “.Mi_ YOUyIN D2 (ﬁw =Ty 2
! Mlﬁrrnx_
W __
|
t

yed
e e R T

s B rerono

(#1002 1523y a9y Aoy >
SN
(CLEL LIRS F S R ‘e
(@)
wL

3! 2

3
Irys @na NS

3L ®< (~82OND

e el
NIRRTV S 25

e )8 ~gee

(r B2y ano | 8@ > 1

4@4.|| Smhw H.vtg: 5 Fo- "

o v\vﬂ‘ _I N * >y f.hw R .. PRy

.
J“.M“q H‘&-S 1 h. i
) a () - T S ! ! e ™

FNG TR NG ﬁﬁ\: o L¥sHL <X ! “ ” LesSNY
I.*F% m\.\g. __ [
TN, e ~ vl

vies s > x .r||L~ (vsN

ONUY T PO
WIE yriweidL

o /™
fe— = (v rare

® zzs
Ucmmm
O.ITM.
IE<5Q
ok
NEmuﬁ
= v
SERFM
w OLKF
2 Un 3
H

gt ---i- EL

SK

SNERTS

4

4 or

FI6 A-10
POWER BISTRIBUTION

SEQUENCER CHASSIS

ENGINEERING SKETCH

prerue

(REDUNBANT Sreren)

-e
APPROV!

A~/




Slot

Number

0l

02

09
10

11

13

15
16
17
18
19

<0

FIGURE A-l1l1,

CARD ASSIGNMENT

CARD TYPE

N2
SPACE
NS3
NS4
NS4
002A
NS2
NS5
002A
NS2
SPACE
NS3
NS4
NS4

002A

Raric
)

YV VY OL TYOIINIAI

A-22

¥ VY OL TVOIINWAI




Slot

Number

21

APPENDIX A-11,0ARD ASSIGNMENT

CARD TYPE

Rank A Rark B Rark C
0024 T
LED '

~ —
SPACE § &
Not 'C—; CE"_;‘
SPACE 3

2 °
S6 :é 2
SPACE o =
NS6
030
SPARE \L
NS7 002 NS7
NS7 004 NS7
NS7 NS7 NS7

A-23/29

P



H |
M ¢/d ;
<. 31va-dn
e 5 u-p - AH3A
e Y, 31v0-dN
0 /i — - _
-7 /w k 09+ " rho

/]
‘
:

"~ O L=
W o5 Aln“/ >l\
N \
¥

i 09+

A % -

o o Lz
r— 1R i\/ﬂ, k \\\ ,"

)

Ly —

3
\TI
Nl

~
l(
e
<
|
<
1
-

> 02+ v
e Jnﬂﬁ
- A__.z:._.u.n_
! oo a .
dn-a33ds dn-03345 ; §
09X 0eX umm_«mro_ o afa ™ o
(1] an L1 Fel) e
LN
—— e WO e INNOD)
- K — 1.3 - M40

°

e 09— 08% = - 501 h N B ndino 304 D NNV Y
d ’ '

-— 5 —

0

- — o oeb-| +- 13 A w0 & 1ndln0 37904 Y ANYY
Nd3 | - '

L4

' M 0

- h o Py . w201 a w & Ind1no W03V OINVY
Wdd | ]
I oo [ I w

. HILV .
- i~ o o = LB " % ¥0173130 440
NG .

SHALOA SHOSSINNJ




AHUNMD (4d) FdMivd 43M0d 01 ISNIS HIMog e

Z3INNOD) HONNVYY 01 A9+

YIINNOD 09— NYHL MI0T13 0L AS+

1393

ABZ+

- am
PR Qs |

8 MYNVY «*—
¥ AINYY a—

ﬁ WNYY -—

*

#

3 UNYY ——
YWY «-—
V INYYH a—

2 ONVY @—
9 5NV e —
V INYY -—

H3DONICDIS LINVANNA3Y

SISCYHD 1S34L

ONIINMOD & %7371

|
|
| -
_ - |
' N e m g+
% L ! P S — | _
M _“ wh -———— S -
m 1
e i <
! wh < e
|
- 2+
< “ - o e _
*
| D ——— -yt
2 - E S —
— I .
X I
& e
— i
= - 82+
S ! o “
zZ " - WO e
" - x3 . g
i
L 123738, JL ¥IMOd J
¥3Imod IWNR3LY3

4709
430 Aozl
“ nllmm
NO
stha

DIVISION

WESTINGHOUSE
ELECTRIC
CORPORATION

CURFACE
BALTMORE. MD_. U. 8. A.

. PPN R

,F‘.’l.‘.!‘.‘&!‘.‘.’“‘.,
C.
or

Fle A7
TEST PANEL.

e

A-25/26




- - ;o . ¥ .

Appendix B - Schematic Diagrams

LY




(MOLVTIIOSO) dOHN0S X200 2H M°pt "T=d RUNDIA

JUL TN X svmtls3y TN




CLLAR - _ ¥ . L o~

13 ] — - S

NETE R IE VRREC ™
IHLivICuRa € RO v
To TRm Toa-1 ¥
XEtr WIPS To
ArFrX Tpac,
R RIZ
~ 18K 27K 5

| i Ry | <)
Ci: N
, NGt 4 4
IREY: | el

J Loy T N
mg R & {800 of * Rli’é 1K

S
=
I

| cr10 | <4

¢ R20 ~qua| _
Ly Ju—— G3 nie | of '\5 % LY L’l’ca,u ?sf/ﬂ |
2IN2481 ke i i -
10K CR1I | | | '
a2 { i :
J_ me 1 | +
i - eatia | ‘
‘ I
i
_ SWIFT ORIVER o ,#J
+6V
+bV l?
r—*—-——‘~A‘~T‘—-| - — = — = — | —
! l | i
i C 919 CF | 1
! j | ‘ 2ean W P
1 1 b
! gk W | e - | o T » Rfilﬂ—_.__.i .
> b —— AN p |
B 13 Rz L_Ljin.‘_-zP‘. ' l C 3 J_
n
’ W%\J"‘ *T;‘(q T O, st !
| Y |
L. Voo0pf Lo |
CRiC 27 iNS8A Tca + i
= = ] l
| DELAYED POWE= switch (GATE Powir) _] lRC CROgIT o o o |
q(;Tv
7 v——{———n’-— Ly CkZ
I
-
|
I
i N
25——¢—v+——-J|
! - ;
[DEtpver o wir Saaten(Veger Loalrd
{ ot T I > b
PN % 4 . n‘-’
A2 rcz,\uf
£ 57— ¢ L o> GND
NUTC A RESTVES 8y (NLCSS @tuTRwiSE PEORIT D
. __ _ENGINEERING SKETCH WESTINGHOUSE
me NS2 (323 c1u33%) ELECTRIC
~___ CORPORATION
. B Surrt Driver SURFACE DIVISION
o Devaver Powew Swircwes S DD it o b

RC CircutT SK
g‘—Z F*Q %;a SHEET { or || seesTs




Dt -
8”51 - L“b, F
,.___, -
Lf-‘; S S — —(4'-—*1

v VRN
5 j—
o =~

- -

\

A

]
—f—— O

i

:
—

4572 Ins iﬁfn},?j 1) |
.ﬂij [ 71 L _71 ' -

o L 7”45\7\30 oo
L 2“4’: e |
o e
e o
i {
I ‘ ¢ 1
Y €
g E
J
(8
1\_&5\_
{ ol
,73\3 Rt !
1
®
L‘G)-, \5¢ /"’K

WESTINGHOUSE
ELECTRIC

ENGINEERING SKETCH

birce A (z3e0a7)
e - CORPORATION
§ ME N TIC RE bt ks SURFACE DIVISION
ArreoveR BALTIMORE MD U S A

E—‘j i B-3 sHEer ¢ or || sHEeTe




. A ELECTRIC
- NS4 (3320284) CORPORATION
§ — Burrers SURFACE DIVISION
; e BALTIMORE. MD.. U. 8. A.
CHARGR L SUASIN 94 96 aNeiqEIR ve MuAL SRAmen |
SK : B
g‘—y Fio @=4 et J oF \| sHegrs

T FAki,_k ACQ|%_ "— T - o o T —'
4] S — QRzu o4
1 pa— CRD Ty I
SN T D |
6, RS 2N 248\ |
L CRbL, !
o, BT ’ |
I ) S — ,C,BBAD*,___
o — — | &z 21248 | 5
Ly A e
| R3 ok CRQ R2
| IOk, ’
16 10K $ &1 K )
] C Rio =
e !
eV
23 CR 1 u ?
215 . ceruj._ 4 ]
2d . _eR ;'w__‘
3 5 CR 4y - S QRS
24 CRVG o
30 Riey— 1 |
o ! 17
LN T Y YTV R 5 B
T AR 10K Q4
R 6
32 jlc’EE"f [
8> 116( R 19 __] o
43 CR2opy B
45 CR 21 QS
e CRazy B .
P ki0 QQ, 2 3 7
13 <
e —V\\/ o CR23 4y RN J
IQK‘%R@ "
4y 4 SR <t
L ' ‘7“
5 CR2Ty
53y —- J— C.R_Zﬁ_{\g 1 Q 7
To¥ CR R EZ] —< 449
c RIZ , . —— 2% |4 RIS cs
54»__#_ I CR28 K

6V

o

2,59;

> RO

AlLL RESISTORS Y WATT

ALL OLODES iNQi4

ENGINEERING SKETCH

WESTINGHOUSE




ﬁ;
r‘”'—_“_—_—__'____“' S T - — /™
‘ ) [ ‘
(LR ok
e ;
|R\53 3k 1 e 33 fL ¢k [ }
‘ gal?_ & iy
. —y I armem
gy} ,&,a. Q\Jyzu?_'m TEIvS “\ﬂ |
I 23K ) ‘ |
| | |
| |
] R 1K RS K
|
Ly ' |
] R l
r———-——“——{,‘%——k—
1 INT 4 ;
l Q> ok (‘_A“LM,(
Rig Bk ,
l Eoneasi e | |
RS e |
l 2 1caR N ha
| :
l :
i
! |
1A >—1 - i
[ (N4 I
LouwER FALWRE ETICTOR BN S TN 2T S 0y ]
v
[ """__'"——__J‘*'_ - T T T T T T T T
l RIZSKK as I
I { 2NZ4 B |
| RV Q10K 45
| nn%\k e ac |
2\ a7 I¢ ’ {\:Naaa\ |
R | anne O/ps
R4 ChE, |
| €S = lomE Slok Re 10K |
\Sv T .
I 00 -n. '
l 1
L
l:‘_c,umms&_______________________7.__1
\, 60 ' : > +ev
:Lvo,uf I/N,uf
C\I CE]\
2,59 4 ’ > GND
ALL RES|STORS /4 vw/AmY
____ ENGINEERING SKETCH WESTINGHOUSE
N ELECTRIC
) 3
- e NSS - (2320332) CORPORATION
Fewscn Tracuie v 5 1.2 30, av| SURFACE DIVISION
Bt BALTIMORE. *10. U. S A.
onanes . . Taosr e g g e
5 S N U SK
"‘.j Tic 8-5 sneRT 4 OF |} sHEETe
R




+Gv

+Z8v

CR I
4%y + QU
IN9I4 R2 3.3K 2032
3 CRG .,
N9 CRr2
ooy 2]
Re
|K 1A
™
Q2 CR3
RS AN 2481 IN4
T3 “
.’L l I”Su
. eV Gno A4 PR -
i Tow Yoo ’ =
Im T < cad(ReY)
28y —& GAD
554 o +ABY
15 ) S GND (28 V)
By N_CRB N4 L (33
G+ GCR Y N9 .
Do - 1RER 10 g -
£ ¥ — - R e g ER L N 45
ALl MRS TS YN w v gar ATLERw SR YR Gt
ENGINEERING SKETCH WESTINGHOUSE
N ELECTRIC
- e NSG (332D294) CORPORATION
o Recay Driver aad SURFACE DIVISION
- MALTIMORE, MD.. U. 8. A.
omaner__ Diove ARRAY

ey
sK.‘F.‘.‘! !‘.‘!?? Ry o o R
or

Tio B-4

sMERT  § 1| swesTe

1




tov

7
|
" [
\
35K

O s
2 7 ” |
S | BT
22
* l
10
3 z::R$,617 39K
CR
57 Phen]
RZ
A 19) Ms——‘wm )
j—— A CR3J
23— V'HN)I'F
13 S 14 R 1 CR4A ! ‘
/ TNINO LTI | s
N LASRS INCR & |
17— —Kns e | T
) =.X3 L7 > "
21y — R R
9>— Sl e 4 Rs 24T
_L cy z
T 1800 ¢
+6v =
AL RISSTORS Y4 w ? S
0> Rz ie RO
2 eRio 2
330 Ry 2
s 5)— cae ke a
54—
B 56)—
RS l-< 27
+7)—
43>
3‘7)—1 (4 HT SR
¥i>— e cam
45 ceig caly Ris
*— 13
51 ce
L 40 >— T ' —+(v
Jaops l.ou A€ __ENGINKERING SKETCH. WESTINGHOUSE
A - 3epn3e ELECTRIC
T“ I - b NS VD( ©32%) CORPORATION
— eiTAL DiFFEcEnce SURFACE DIVISION
682 ) ’ —e GND D BALTIMORE. MD. U. 8. A.
an ETEC TOR mYNGEN TE BE ARERAD 1@ PN, PAswima
&-7 :
—/ - T @-9 sMELT ¢ OF |} sweers




RID Vi
5 37
2 i
[ 4
+6V4 |
2R, |
) 1 —y23
TG !
K 2t
i
f
: |
)
+6V [
Ry &
5 15
q I
Y [
4 36
+6V ' |
R, I
1 3
o I
T kze
o |
|
; {
12 !
k43
ey 16 !
o2 Rie |
2-5 |5 57
> ) 4] " |
I 38
+6V 13 I
. S —\ Ria
2-4 | —K45
RS—. - P2 5 |
_ k 58
|
|
14- l
— T 48
¥Neret tev Craw ecrs To Fw *4 GRrY NOTE: CARDs ADAPTED T&
Connwecrs T Pw*10 OF Encn Caw, UTILIZE Two \2.TRoES ARE

| g e e e e "5\/
ol . ,_I
! ¢

TG 2 ‘NAND " GrTEs. Resistars Are 10 K, /e (1) FILTER CAPCITRS REMOVEQ,
PN WATT ;‘( <, Is 2. 77//,-( @IJ‘"J Cz Is (D Pinvteo circuet CETWEEN
$Y e —ek 1 Sgroe .0/ 4//J. PINY OF CANT2-F & 2§

me ARt Kurruroy RMG177 Dml 3-Twru?

CHANGED AS Foliow s’
(1) ALL PULL-UP RESISTORS REMAE

RO KEN,

CONNECHHR Pin | TUEW PEEDS
ONE-VOLTRC L Tv TR GATES

-8

Gate, Nano.

N . BALTIMORE. MD.. U. 8. A.
wane 23508 002  (Sanere vsitace Cam) [ rvnees e oo soveqman o gy pewiey L L L |
“002A" (CRADY ASAPTYD T4 UTicay SKIZ7&Q'.62'8_

Tro VOLTASES)

MARKEO GY ¥ AGOVE . Pt 1o~
_ FZEOS Tue Stcono VALTRGE 1o -
330Dop2 THE UNmARKED CATES
) 7/45 ENGINERRING skETCH | WESTINGHOUSE
-—;ﬁ ol e L D ELECTRIC
0. 06 IC IAGRAM, CORPORATION

SURFACE CiVISION

¢ ¥ic %“_

sHEsT 7 or ||  swesTs

| N



j - — K22
193} — g0
43

. ! I 3 .

| " J 1" § 1" T’ /" S
63’——*0'1 7/‘_:-—\[— —12 LZ—I—- 12 1,2 e b2 /Jz,I___l(y

1=t D2 2- 2-2 I
7%——_415 LY "J‘J__ — 8 AL lg7— —o 8 AS g7 —— —> 8 L_: v‘"—“?(“
| 39 39 39 39 |

i ! b ? Ai Q 8 Q i
) 9

T\
sk j/9
6% 12
14+ |
b <45

7 — m_fs
523 44
38— ! |

1 v I v ~ v .

| " Ui " 16 " 10 " 15" i
4Q———> 12 gz L—D /2 "2 L— 12 52_1_ L 12 ;)2_\[__.kj7

[ -4 =5 2-4 z2-5 I
4IT——D 8 &t X —o8| 8t lg7—— r-o 8 03 |67— r-o 8 B4 le)———K58

| 39 39 39 39 |

: 24 3¢ ¢ 84 (
53 43
ag) Lss
1Y k46
48) |
3zy- I\3.:.
26>

| v . v . |

" "

| —— —

30)—— 2 Lz-_I_ L2 42 T — k33
| -3 2-3 |
Zﬁ—-——be & 67— 8 cz e la.r

| 219 L 39

f LR : B i
27 I k3
36‘\1 |
5o} i\23

3\(
[ v 3 |
" 7 " 12 |
IS)'———DIZ l,zj— 12 42 T 47
3-z 3-4 |
l34—‘——4>a DA &7 — 8 o2 67 49

f s 39 !

: 6 r iy |
Jﬁ kze
257 » |

b ' rev !
o— | ;

| ~C, (o}

23— T S |
J‘D' GRO. |
¢ Note: 16V Cowwners To Pw™4 ¢ Grp Ciwwscrs To Fn “10 OF Eacn MED Caw.

Cavs  ARe Ruymieey R5eRT J-K Fip- Frors, C, Ts 27,4 Qusv f C; Ts .01 g A

3230p004
7/4%“ ENGINKEERING SKETCH WEsTlNGHOUSE

wFdliitl ™ Locic Diacram,

Oo ¢

ReeisTer, ParaLLEL.

ELECTRIC
CORPO: ATION
SURFACE DIVISION

BALTIMORE. MD. U 8. &,

sKi27ck629

¥ ﬁ-"l

sHer G or SHEETS

il

/)



Canv Pssitrion 1-1 Is Rayragon
RS2967. Can PUSIT/nw

I1=2 18 RS 24377,
f(mv PosiTrns /-3,/1=¢ ;‘2-/
ﬂRE/\’Avrr«;«/ﬁﬂS&}?T. Resisrors
Are ok Ve W Cl I's 2

S, s, 7,/34:/
Can P..s/nw« /-4 10 Rarrugovhmi 7y

—_— 16
+6° 4
30
19—t 7
17 ———¢ 8 ;
22; Iﬂ I
15— [
|
48— & t
sop——— 2| /-4 )50 kar
4 p—re [} E !
1 e q |
43:‘1— v 7 i
D e Y /-4 1 o "
4y —————o | ' K42
|
| +6V ¢ |
|
|
3> 7 Re :
3 y————0 8| -3 5 {35
29}‘—————0 9| ¥ |
|
[ ! |
| |
53— 7
s 8li-5 }—6— (55
49) w9 © |
' I
| +6V 2
7 — 2 i
" — 2 % 2 |
Iep————— 3| 2-1 }—e - K25
u#—————pr ‘
Ip—— 8 !
4 p—— 9 !
| 10 :
‘\-4>|—————~————ul I [
5 2| -5 Y2 - K52
B 3 J I
STy -5 I *
/ \r-— [P — mrEv (T CANS W ol 002, 1-7 4 2-1) | Nore: +6 Comwecrs To Pw 1 !‘
6oy v (7o chns W I8 TIoS) | 6o Coumecrs To Pu 1o OF
| ps | Facw Chaw.
i <l | ” -
2y . Nore © Twruis To Garss Wmaour
51y 6RD. : Arrows Diwere Mopes.
e o
30 L oi4
etk NG _SKEYCH WESTINGHOUSE
0 e | n ELECTRIC
SN ocic Dincram, CORPORATION
- SURFACE DiVISION
u*v-_._—. GATE, FAN ‘ N SALTIMORE. MD.. U. 8. A.
‘.u.‘.ﬁj—L
o [T
Z K12 7CBB0]
o . l &~ —/0 Fic 10 swwer  q or | enmTs




Les |
R g 5% 34.7&4 YawW
W Cl arp I
____“__A
CRI
l . AAA Fan 2nuas
INQI4 Ry ‘Ksl\«‘l( Ds-i Cmp 654
9 - R2. p— —<s
A M)———o: l‘?/\ O—Ae ]l.‘SKé S
Ty S ——— PV L | S oL S S |
CR2 CRY R4 J
; - D G2 2N2481
ING14 ING{4 INQ4 ,
RA é
30K
%W l |
+ ~—<®
s ]
15 >—
B 17 >— 2§
2>
\40
F—
C “H>— E <3¢
44—
+—<s0
48— —
D w1 (] <55
3 DO—1
— 52
|
|,¢o\ 1Y
s Teie (33004¢9)
2,60 (6N | Enamgzming sxeTcH WESTINGHOUSE |
' e 469 Ei.ECTRIC
- CORPORATION
Asinve Loayt Driver SURFACE DIVISION

G—//

BALTIMORE. MO. U 8 A,

SK—-—- Ve % eerents 13 aa. saamias

gt g of

—

SHESTS

Fie B\




1
A . vov !
x |
" — —] :
|
0K |
L VYL s
1
i [+ ';'Jw'cm E/n
|
[ ST l¢io
} 'l. ]
-
! € g cad Lz
|
|
I 4y
soyd NS
|
1ok
1a >4 HoA At
| ' 26V
894 Y oK. g ¢
) ., o
29y | Y KOS RL I
| B Al
32)1' I LK
1
« 1
ERy . Y M ﬂR’RF
{ a
ot Y N o 1ok 29
[
| =
7 gk T eV
I
34 Y4 D P ¢
77
f ¢ ‘j'
3N >p— 1 8 AR
|
(44
| 1
1
|
|
|
|
|
|
|
|
1
|
|
1
1
|
|
|
|
\
[}
1
|, 6O - < 6V
I i
\’[ cLT
4, é l @nD

%!

33520070
| ENOINGERING SHETCH WESTINGHOUSE
e 030 ELECTRIC
CORPORATION

Resivron Casp

SURFACE DIVISION
BSALTIMORE. MD.. U. 8. A.

Fio 5'_\‘

suear /] or || ousere

Y

+

P




R3 GCla (R%

4

cz

/2y
O—1" Q71 ZN/OIGA
RIg2n RZ |g2a
P — )
C/ i. éCﬁs

/NS 4o
CR/
IN3Y78

O -

Figure B-13 ) Regulator

5-/3

e 7"‘6V

(7Y 2%

CR+
M sHo

CRZ
/N3or78

\ M6z NI




) . d
¥uOA MIN ERRIV Rk SdJ Ovy - 097
‘4809 SIINQ¥LII] A MO SdJ GS-St MO4 %O INIHNND 31vH3a 2
S — - ‘SHIAWNN L8Vd VABAYT 34V SNOILYNDIS3O 9
VAdINV'I e e 8. QY08
 smne-a_ __g-w1 ONIMIM QI LNIHd NO TVYNINM3IL SILVIIONI -6~
- madiimlbivlos- ‘031ON ISIMHIHLO SSINN LN3N3OV 143 ¥C4
H1=-3 SINITJ owrote. o2 .om g | ey qup. 1 g g 300I0 200¥ NI 3SN D£0-00- 1844 1d VABNY1 &
o +omm et o e e TUANVA NOILONYLSNI 335 %
Z1o=-Ir- S130ON ||  STIUCN ONDIHVI LINM T9NLOV S3ivIIONI 3
». r—
AddNS H3IMO0J A31vINo3y .o "HO1SISNVHL SISSYHD OL NOILDINNOD SILVIIAN <
< M3IN HLIM T IVISNI ONV HOLVIOVY JOHLNOD NOILYHEITVD HO INIWISNIOY SILVOIONE @
WvHOVYIQ OILVWIHOS ey B N 7L3H SAVMIY ' Q338 SISO 4l 2 LAVHS 40 NOWLVICY ISIMYI01D SILVIIONI 4
TR T o — - S3INIYA 39VLTOA 804 T 378vL 335 1 SI0EWAS &
v 53X1438d ON Twid3S ONI G R . ) : . — -
QLN OL ww:&« ULMMM:%‘M“_NW}_ 7w $INTYA ININO4WOD ¥O+ T 378Vl 335 Of ‘QILON 3SIMYIHLO SSTINN '%OIF HY W
52y 256y 3SVIHO INODITIS OPE ON ONINHOD 4001 +'%0i- J1LATOH1D373 SIONVHITOL HOLIOVAVD b
R - e - - . -
TTES v e—— vz | S HD MOQ HilM H3FVN ONILYINSNI 40 SIAIS HIOB V0D 6 Q310N ISIMHIHIO SSIINN (%3 W4
3ow1d NI SHIaNNP 3LYDIONI 181 cld | oD Q310N 353NN SLNIOd GILVOIONI 8 (2 WH3L) S+ '%,G3 ONNOMIHIM ' %013 dWOT -S3IONJHITOL HOLSISIH €
NC NMOHS SNOILDINNOD Q31100 iy | 20 NIIMLIG HILINITOA A/SWHO 00002 H1tM NINVL QILON ISIMHIHLO SSTTINN ONNOMIYIM IBY SSLVM
SNYHOVIQ ONIMIM aVO0T - Oi a3sn LON SINIWIH.ISYIN D0 (3LON ISIMHIHIO SSIINM 20 2 IA0BY SHOLSIS3IY ‘LIVM 2.1 JOVLIVM HOLSISIY 2
11ddNS OL ¥3434 QV01 01 SNOILYNSISIA] 33V ANW SINTVA T¥OIdAL 38V SIOVITOA GILVIIANI "SWHO NI 38V S3NTYA HOLSISIY !
11ddNS HIMOd 40 INIMIM HO4 IONIWIAIY | o ON'DAA TNON LNJLNO 'SdO09 DVAGI LNdNI <5168
1SOOPY-S¥ , — - SINIWIHNSYIAN LNIOd LINOMID HO4 SNOILIONOD #
YA 251-0! @%l»! -~ o e R n
104N oW} noow Ly
_@ AWEC00 H . i _
| i (11 110N}
S- S vl
[ o
A- & >
g
< %I
© m»czv .r (11 3LON) i _
el ¥
ubww (01 310N MG ( '3 R (ol w»oz. h
= 4 . fs) 3
=_ ™ 4 u..ﬁm ol mpm_zmA 92y LH _
L8 Hq - ALt~ (O JLON) + ALOZ
v 60 .,.:wuoo _
(01 3LON’ i b’
2y MMMG | ' HOLY N9 34
%OI'NZ | ¥ ENTES _
.Tl I iy [\ w.rozv
(O 31ON) _
A+ H -8 — At = ’ S
] e (©) 310N} (01 310N |
a2y 411038
8 NIV _
7 (11 70N}
b SO <8 _
o (Ot 3LON)
z1d 30
ve _
AO e
%g |
(01 31ON) '
i [1 009 _
o4 T . 43I TdWY HOHY 3 - N.vml i —.M —
- ACO _ 1S
EATe) ~ €40
A90+ AGC+
~— P 20 -~ AGO
+OIZ- N84 Az O+ W4 011 71-NB4 011 N84d 0l 1-NB4 2 LOIZ-WB 4 A0S _
e Av90+l HEE 10 20 v, €0 nee AWO~1
4o 10 o (Omh Y] wmu@ 1o~ JVAY §2
XY xom_w e practese | A * >
ERIVENE PR %E 2| oy (1 ILON) acoe | 951 4 CETETRE LU ¥01vINo3d !
o ER) old ALY Wioo) &Y g HZ2 LIWT :
W4 84 53 > OlY INIHHND .
Arg+ L weoze o ~ S . _ 0
T g - A 002 ‘4N 100°0 ATE+ e e
WU oy s 210 10
%2 NG — 31311034
AlddNS svi8 AYVINXOY

E-/Y

vEr-80-80S

S e g -;w-rr——m - .

B



(Liuo)) Arddng asmoq paqerndsy 2TOA 2T+ \jlm aandTy

ﬁv e e B T T T AOOT'AW | A00Z AW | A0OT AW T [\ﬁ o )
_ § 1 MOOF . M6 € o8 ' Me'g T06S¢ | €O6SE | 80IT | 8£O 08$ 10°0 002 | L'OL| 8 Ov- | 0°2G+ | 0'Bp- 0Tl €| vT 97| BSFEE | 8¥O-WT
- L MeE : ! ‘ P e opoLl 8oy jozer | 1y L BsTer il
ME 1 A09 ‘AN | A00Z AW AD9 AN
sz Ho ot 026 39§  ME'E *_ L8¥9¢ | 88bae 8011 | 680 0261 8100 00s | 0°DS)| 9°82- | 9 ¥E+ | 0'9g- BT LT 811 02 %SFE | 9ED-WT |
AE ReF ] oo ﬁ ) ; ) i ) ~Jaoetam | Acozfam | Aos‘an I - 4 T Ty T T B
ST 1 89 028 Sy wWz'Z . L8%9¢ |  8svot g 6011 | c¥0 0281 810°0 00S | 22| 672 | L'IE+ | 082" PRl o0'z| 1z | £T| %s¥eT | 9z0-m1
[ - - . ——t- o - e - - - - . [P S S, D TR SR S W - R - B D S S -~ N SN
MS e ® . ] N ; M 109 N | A00Z'N | A09TAW Vo1 . ) N .
| o Me'q 0z8  Ne'e R L8v9r | g8bec 6011 | 6%0 0281 810°0 00S | L'6C| ®°91- | 1°2€+ | 0'be- ST zE| vz sZ| ¥SWL | p20-WI
_— e PO [P P G B —— —- e 4o — - +— - -t - 4 :"L
MS P5F ' A0S ‘AW | ACOZTTAW AOC AN
SL°0 M8 § 028  NST g2 s | sares _ 8011 | 6b0 0251 810°0 005 | 6°2¢| sL°21- | g 92+ | 0°9z- L L vz Lz 62| %6¥0Z | 020-wW1
L —— e .- . e - -y —— e [ S [ (S A S B e oI W ——— LI}J.A
R i ﬂ ASE'IN | AGOZ'AW | ASE'dW
B0 w9 028 Mgz M2'2 03293 M 69¥SE | QEJ 9v0 000'€ 810°0 006 | 0°0¢|SL'ZI- | §'b2+ | 08I~ LYl s'2| 82| 0¢8] %HSFOT | BIO-WI
b . . . . . ; . : B g . i o tt R SRR R T T G B bl
MG TpsE _ ! ‘ ASE AN | AOOZ ‘JIN ASE AW | )
890 . oMb 3 0%8 81 | Mg 2 02283 B9SE | 60TT | 9%0 000 ¢ 810°0 006 | €£°LZ| 8176~ | 9°¢2+ [ 0°g1- 8°1| L'T| 2°€, ¥¢| FSII | GIO-WI
B S5 N w - ACC AN | AOOT AW | ACE AN
890 | Mz 028 M8l ' Nz'z . S8Y9S | 98¥9¢ | 60T 9y0 000 ‘¢ 810°0 006 | 6°¥Z| 81 6- | 2°¢2+ | 0°21- 02! 82| £€£| 8| %s¥L1 | z10-W1
Mo per ] ' ' g , AR | AT AR A
9s0 | Mr'g 0ze Mz 1 dNz'z | 58¥93 h 98¥9E | 6OTT * 90 | ouo‘e 810°0 SL v'zc| e1°9- | L 12+ | o°01- 0°z| 62| S'€| 0%| %SFOI | O1O-WI
———— . + t t t - - = . -- -1 P - - T st ShanannlES NS RS B
NS '%$ y . . m i m ! Jsetaw | Aooz N ASE AW ) . . ) ) ) ‘ )
;950 qb'T 0g8 Nz, M1 | S8Y9E © 98¥9€ | 601T | 9v0 000'¢ 810°0 006 | 2°1Z| 21’9~ | 1712+ | 0'6- 0°2y 0°¢l 9°¢( 2% %676 63-W1
—— e - N . .- i .- -+ : - - - e
S A g * : i ! ,_ f ASE'dN | A0OZ'AW | Asc'dw ﬁ
68 0 | Sb°Z L MWeL L MU e8b9E , aBb9E | 6011 | 9v0 | ovo's | 81070 | 008 | L0Z)z1'9- |2°1e+ | 0°8- 0'z) 0€] 8€| ¥b| %sF8 80-W1
no oy H “ _ | ) OVAL DAA | DAA | OaA | DgIL | 0408 | D508 | D,0¢ | (2dA)
8TM ‘ozH Biuvm | \ | Ehg ne | (N@4d) | (-NEd) | (-Nad)|(-001d4) 8D 90 €0 a. o) g 4 adury 19POW
| TR ﬁ LF zd | W | ened S [ [irswy, | o WBWAINITIN (saradwy) jueaan) xew | adeiop
siuauoduro)) JjeWaY IS adej[0A O13eWaYOS

890-W1 — 8J3-WT STIAOW ¥O4 SIINIYIIIY viva

1 318Vl

L"‘ —— e e ey R

— T

T



Phone 258.6149

_Ek@ Té &m&mﬂ ;C@Eﬂmy: (Aves Code 15,

CRM NO. UBGD

- Y‘é \ 927 Spruce Street — Easton, Pa.
v SUBJECT Gelhesatic F?f’ TJOG:L “ SHEET NO. o
ate 2/ 14/65 US-28 Power Supply ot wo.
‘ F ,
OaVAs ? ? @ +
AC ' '
| + D.C
P T amgvbomge { =
INFPU C== R ouTPUT

)| ® -

7

e CASE

P - 1/2 Amp. Slow-Blow
0 - 1000 MID 50 Volts
R - 150 ohm 10 Watt

X1, 2, 3 & 4 - 1N1218

T - # na_opy Xfmr. sccondary taps: RER & YELLOW

Figure B-15 , t28~Volt “ower Supply
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FLGURE Cel,

QUANTITY REQUIRED

}._J

=

b-4

e

FAHTS LIST, 36,4 KHz CLUCK (OSCILLATOR)

PART NUMBER

ACUTGF124K
HCOTGF 562K
RCO7GFN10O4K
RCUTGF332K
RCO7GF101K
RCOTCF333K
rCCTGFL23K
L313AD475K
CS13AD275K
0.05 uf
90.0L uf
L70 pf
5000 pf
ING14
2N335
2N708

13NS

#8000-DG1

DESCRIPTION

nesistor

Resistor

rHesistor

Resistor

Resistor

Resistor

hesistor

nl
e

i3

r -~ ™3
Ri, R12, R4

R7-R9, R13

10

Capacitor C5

Capacitor C4, C9

Capacitor, Ceramic Disc Cl

Capacitor, Ceramic Disc C6-C8, C10

Capacitor, Dura Mica C2

Capacitor, Dura Mica C3

Diode

Transistor Q3, Q4

Transistor Qi, Q2

Crystal, Reeves, Hoffman, 38.4 KC, Yl

Crystal Socket Assembly, Augat

Terminal Block, 3 point

For one ot ihie three Cicck Circuits used.
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Westingheuse PANTG_LisT
|
it owa 5 APRGG | Electric Coperation 189661 PL 3320336501 |A
BRAFTEMAN D DEFENSE BALTIMORE
SEPTIS-T ™Mo AND (®) aanviano | CODE IDENT SHEET | OF 3 SHEETS REV
SPECIFICATION | TYPE-MOD- SERIES|SPACE CENTER 21203 usAliTEm Atnl
GOvVT DESIGN ACTIVITY APPROVAL PRNTEDWIRJNG ASSE.MBLY
K - . E
j CONTR PROCURING ACTIVITY APPROAL I FT ORIVER _1
CONTRACT NO . N8 k
APPLICATION LTR REVISION DESCRIPTION BATE APPD
ASSY QTY. REQD. | USED ON 146 E‘l%
IDENT NExXT[FINAL] NEXT ASSY CONTRACT [SER'AL NQ A |PARTS LIST RELEASED s
NO ASSY|AsSY END ITEM [FROMITH
|
i
REVISION STATUS OF EACH SHEET
23 4(5]el7]8]t[z2]3]a]5][s [)
T
1
QTY REQUIRED
— conE PART SUMBER d DESCRIPTION SPECIFICATION | 'TEM
GO1 IDENT » NO.
X 3320336 ASSEMBLY . 1TSTHRU 4 ™ 1
1 3220335H01 PRINTED WIRING BOARD 2
% TEST SPECIFICATION 3
X SCHEMATIC 4
2 331C264H34 V | EYELET 5
— 6
= 7
1 CS13BD2 75K CAPACITOR  Ci MIL-C-26655 8
2 788C016HO1 V | CAPACITOR (€2, €9 9
2 3320342H05 CAPACITOR €3, C10 10
2 CKOS5CW102K CAPACITOR C4,CH) MIL-C-11015 1
2 332D342H06 vV | CAPACITOR C5, C7 12
2 CKO5CW101K CAPACITOR (6, C8 MIL=C-11015 13
13 1NS14 DIODE CR1 TO CR6, GCRI TO CR15 MIL-5-19500/) 1A | 14
2 1N958/ DIODE CR7, CR16 MIL-5-19500/)(7 |15
6 2N2481 TRANSISTOR Q1 1o Q4, Qo, Q7 MlL-S-lQSOO/Z‘OF 16
|
. ‘
SYMBOLS: v - VENDOR ITEM 8-BULK MATERIAL
FORM NO BaA 33898-¢ C-2 WA ./g//z / PR
Eeerwpmenrey=rr " ™ = ey —— - n



- o ol TR A
896SIPLI3DZ 2l |2
-
CODE IDENT SHEET 2 OF = SHEETS RFV
QTY REQUIRED -
CODE b3 . ITEM
FiCATION
o1 IDENT PART NUMBER ; DESCRIPTION SPECIFiC o] NG
1 2N1132 TRANSISTOR (6 ’ML-Q-\‘:SOO/\77 17
1 RCO7MAF221K RESISTOR R1 ML-P-11 18
1 RCO7GI 222 J RESISTOR R2 ML=F=11 19
6 RCO7GF102K RESISTOR R3, R7, P13, R16, HMiL-R=11 20
R18, R21
8 RCOTCF103K RESISTOR 5 ‘M L=-R=-11 21
3 RCO7GF332Y RESISTOR R10, R17, R20 MMIL-K=-11 2z
1 RCO7GF2724 RESISTOR Ri2 MEL=R=11 o
2 RCO7GF101K RESISTOR R19, R26 MLL-R=11 e
B RC2CGF2R7Y RESISTOR R22 Ml L=K=y, 28
| RCOTIGF 220k RESISTOR R24 MIL-R-I] 26
X |61 PT762 PRINTED WIRING MASTER 27
|
D le
\
|
|
i
|
]
|
|
| ___JL - I
SYMBOLS® V- VENDOR ITEM B-BULK MATERIAL _

FORM NO 84 3308-2

C-3
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Westinghouse Electric Corporation

DEFENSE CENTER @ BALTIMORE MD., U.S.A.

L

"PRINTED WIRING ASSEMBLY

OHIFT DRIVER
N S z

I 1l

CODE iDENT NO. | SIZE |DWG NO.

89661 |D| 3320336

C-5
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Westinghouse

Y 2R

PARTS Ligt
5 Flsctric Corporation o)
Lot Srola 12APR CCL T, L 89661PL.332D279G0! A
DRAPTEMAN CHECRED , HpArPD DEFENSE SALTIMORE
R wALiK LND @ wanvianp | SOOE 1DENT SVEET 1 OF g SHEETS Rev
SPECIFICATION | TYPE-K.0D - SERIES]|3ACE CENTER 2703 USA[iTEM NOMENCLATURE
GOvT BESTEN ACTIVITY APPAGVAL PRINTED WIRING ASJSY
CONTR PUGCOAING ACTIVITY aPFRGWAL | MAGNET C REG\STER
CONTRACT N § <3
APPLICATION LTR REVISION DESCRIPTION CATE | APPD
ASSY  |QTY REQD | USED ON | dige. | V.
IDENT NEXTIFINAL NEXT ASSY homnac*r SERIAL NQ A Dw& RELEASED | ,
NO ASSY|ASSY { END ITEM [FROM]THR! .
I i
{ 138552
| |
o ‘ |
: ' | ' !
L i i
P ! ‘ |
, :
1 | ’ !
1 i i
t | : b
| | '
i I i
REVISION STATUS OF EACH SHEET |
rT2T3[a[s5]el7T8[1 Jalafa[5 678 :
ALA ' :
- }
4
1
—
o
Lol
l§ H
d i A Y Pa—
~® QTY RIQUNED : I
— CODE PART NUMBER 2 DESCRIPTION speciFicaTion | |TEM
| 01 | 1DENT ot NO
r - -— _—
! < 3323274 resemeLy (1> (7 F - 1
| 1 132 32 78H PRINTED wIRING HOAP)
| « LOBIC DIAGRA g
\ .
' “ TELT * PEC ; M
: 2 731C2A4H34 V. EYELET .
3 TKO5C./102K .’ CAPAC\TOR - 2 —T0oCS iL-C-11018 5
i 5 \914 SI00E CRI - CPS 1L-.-19500/1164 7
I
4 5 | REQTAF 102K RESi“TOR R1,R3,R5,RT,R9 G- 3
b | “COTIF 107K PESISIOR Ko, i4,f 6,R3,R10 L=l
1 i
L | J320342H01 V| OMAGNETIC REGISTER . 10
oy | 207342HO2 V| MAINETIC “EGISTER 72 1
b £ 127342H03 v OMAGNETIC REGISTER 73,74,75 12
| i
I |
. :
| .
|
| ! t ]
| | | l
i
I
o | |
I i
! ? !
‘ |
| | |
A A B l — .
SYMB( LS. . VENDOR 1TeM B-BULW MATERIAL
FORM NT BA 3308 C-6 | )
WR- 12 Jh AL
T TRAIFTIAEE N R n —— n ‘
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Westinghouse Electric Corporation

DEFENSE CENTER @ ‘ BALTIMQRE MD., U.S. A,

"DRINTED WIRING ASSEMBLY

MAGNETIC REGISTER

CODE IDENT NO. | SIZE {DWG NO.

89661 |D 3320279

C-8

TR ™ PR TS DAY T —
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‘Westinghouse PAgYY LB
TR 7 89661PL 01]A
phay DEVENSE BALTINORE
0 a T (@) SauTiwome COnE 0Rw 1 SHEET 1 OF & WWEETS |Rev
SPECIFICATION | TYPE - ¥DO-SERIES]9MEE CENTER 21203 US A [ITEM NOMENCLATURE
PITTETTTRTOE | PRINTED WIRING ASSY
CONTR PRECURING o TVITY AFPROWAL | NS4 - BUFFERS |
CONTRACT NO
£.PPLICATION LTR REVISION DESCRIPTION DATE [ appp
ASSY QTY.REQD | ___USED ON LEASED ke A
IDENT NEXTIFINAL)  NEXT ASSY CONTRACT TSERIAL NQ, A DRAWING RELEAS 1 Lo
NO. ASSY|ASSY END (TEM FROM[THI |
38ss2
| |
REVISION STATUS OF EACH SHEEZT
I [2]3[a]s5]6]7]8f1[2]3]a][5]6[7[8
AlH
— QTY REQUIRED ol
CODE = T ITEM
01 | 10ENT | PART NUMBER > DESCRIPTION speciFication |'TEN
X 3320284 assemaLy (1> >G>
1 332028 3H01 PRINTED WIRING BOARD 2
< LOGIC DIAGRAM 5
A TEST SPEC 4
2 331C264H34 v EYELET )
1 CS13B0275K CAPACITOR. C1 MIL-C-26655 c
1 788C016HOT Vv |CAPACITOR 2 7
o8 IN914 DIODE ,CRY TO CR28 M|L-s-19500/na,A! 8
4 RCOTGF 472K RESISTOR,Rl, RS R10, RI4 MIL-R-11 i 3
o 2N2481 TRANSISTOR,01 TO Q8 MIL=5-19500/268 4
’
4 CKOSCW101K CAPACITOR, C3, C4, C5, C6 MIL-C-11015 1
12 RCOTGF 103K RESISTOR - Re,~3,R4,R6,R7,R8,M8, | MIL-R-11 12
R11,R12,R13,R15,R16,R17
SYMBOLS: V- VENDOR ITEM B-BULK MATERIAL
FORM NO BA 8380- -0
We -1z /5! PR
P L W & 7 i MEREMTTAR © R e meresmgmy ) e
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Westinghouse Electric Corporation

DEFENSE CENTER

BALTIMORE MD., U.S.A.

TITLE

PRINTED WIRING ASSEMRLY

NS4-BUFFERS -

CODE IDENT NO.

| 89661

SIZE

D

DWG NO

3320284
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Westinghouse PARTS List

N Electric Corporation 8966|PL332833 2 (ol A
T, hwPad | TEENsE (@) Bauiwort ['cobe IDENT SHEET 1 OF = SHEETS  |REV

SPECIFICATION | TYPE-MOD- SERIES|SPACE CENTER 21203 U5 A [HyTEM NOMENCLATURE

SovT DESIGN ACTIVITY APPROVAL PIQ/NI'ED W/R/A/O A:’JDE/V/BL /

CONTR S ROCURING ACTNITY APPROVAL 1/ ANCr F/ib kbl DETECTOR § L) OF /¢~
CONTRACT NO NS 1
APPLICATION LTR REVISION DESCRIPTION DATE | APPD
ASSY QTY.REQD - USED ON 5 &y ¢ 9 s . '
IDENT NEXTIFINAL NEXT ASSY CONTRACT ISERIAL NO, A VHHTS LIST KELLsEu ” .
NO A3SY|ASSY END ITEM [FROM[THRU ‘.
REVISION STATUS OF EACH SHEET
1 12T3]a[s5[ejr][sf1[2]3]4afs]e]7]8
—»{" aTvY REQUIRED = —
CODE PART NUMBER > DESCRIPTICN SPECIFICATION I'TE”
301 IDENT @ ‘ NO
1 3320332 PRINTID WIRING ASSEMBLY | > 2.7 ’ 1
1 3320331H01 PPINTED SIRING BOARD 3 |-
X TEST SPEC -
X DIAGRAY LCHEATIC -
2 331C254H34 v | EYELET :
3 <COT0F 332K KESISTOR = R1, R2, R4, R8, RiC “iL- <11
5 “COTGF 102K RESISTOR = R3, R9, 13 L= =11 b
7 KCOTGF 103K RESISTOR = RS, R5, R7, R11, L. -1 ¢
R12, 14, R15
1 RCOTAFIONY RESISTOR = R16 L =11
5 €~ 13BC10M CAPACITOR = C1 TO C5 CyL-CeZEREE 10
2 745C016HOT V| CAPACITOR = C3, C7 13
1 CL13PD275K CAPACITOR = €8 YLate2 30 R
6 1914 DIODE - C’1 TO CR6 ClLe ~1UE00118 13
5 2N 421 TRANSISTOR = -1 TO 06 Sl 1850072687 1 .
1 2M 1732 TRANSISTOR = 07 CIL=-=13500,1777 1o
v 1A1P758 PRINTED WIRING. “ASTER
‘ 1Y
SYMBNOLS, v - VENDOR ITEM B-BULK MATERIAL
FORM NO BA 8388-1 C-12

My 0
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FIGURE C-2, PRINTED WIRING ASSEMBLY PARTS LIST

NAND Gate Logic -002, 002A

(Drawing # 33CD002)

QUANTITY REQUIRED PART NO.
X 330D002
1 330D001HOL
2 331C264H3L
16 RCO7GF103K
1 CS13BD275K
1 788C016HOL
8 128C362H01.

DESCRIPTION SPECIFICATION

Assembly

Printed wiring
board

Eyelet

Resistor R1 - R16
(Type 002 only)

Capacitor Cl
(Type 002 only)

Capacitor C2
(Type 002 only)

Microelectronic
Device RM6177;1~1;
1-2,1-3,1~4,1=5,
2-1, 2-3, 2-5

MII~R-11

MIL-C-26655

C-21
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FIGURE C..3,

QUANTITY REQUIRED

X

1

12

PRINTED WIRING ASSEMBLY PARTS LIST

PARALIEL REGISTER-OOL

(DRAWING #330D004 )

PART NUMBER
330D00kL
330DCO3HOL

331C264H3L
C513BpR75K
788C016HO1

128C0O73HOL

DESCRIPTION SPECIFICATION

Assembly

Printed Wiring
Board

Eyelst
Capacitor Cl MIL~C-26655
Capacitor C2

Microelectronic
Device RS294T,
1-1, 1-2, 1-3,
1-4, 1=5, 2-1,
2-2, 2"3: 2~
2"‘5, 3"2; 3"’-}

» W ee— W ]



Westinghouse gectric COrpdration

DEFENSE CENTER

BALTIMORE MD., U.S.A.

TITLE

PRINTED WIRING ASSEMBLY _

GISTER , PARAL_EL

L1l 11

CODE IDENT NO.

SIZE

1 89661

D

DWG NO.

3300004
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FIGURE C-l.

QUANTITY REQUIRED

oSN

[

L ]

FAN-IN GATE 1LOGIC-Olk

(DRAWING #330D014)

PART NUMBER DESCRIPTION

3300014 Assembly

330D013HO1 Printed Wiring
Board

331C264LH3, Eyelet

RCO7GF1G3K Resistor Ri=R6

CS13BD275K Capacitor C1

128C362H01 Microelectronic
Device RM6177,
1-4

128C075H01 Microelectronic
Device RS296T,
1-1

128C077HOL Microelectronic
Device RS298T,
1-2

128C078H01 Microelectronic
Device RS299T,
1-3, 1-5, 2-1

C-25

PRINTED WIRING ASSEMBLY PARTS LIST

SPECIFICATION

MII~R-11
MIL~C-26655
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FIGURE Cw5.

QUANTITY REQUIRED

POSITIVE LOGIC DRIVER - 469

(DRAWING #330D469)

PART NUMBER  DESCRIPTION

330D469 Assembly

330D468H01 Printed Wiring
Board

331C264H3L Eyelel

RCO7GF472K Resistor R5, R10,
R15, R20

RCOTGF1572K Res:.-.u: R1, R2,
P4, K7, R11l, R12,
R16, R17

RCOTGF122K Resistor R3, RSB,
R13, R18

RCO7GF332K Resistor R4, R9,
Rl4, R19

CKOS5CW4 70K Capacitor C1-C8

CS13BE225M Capacitor €9, ClO

1N9LL Diode CR1-CR16

2N1132 Transistor Q1,Q3,
Q5,Q7

2N2,81 Transistor Q2,Q4,
Q6,Q8

128C362H01 Microelectronic
Device, RM6177,
Dual-3 NAND, 21,
z2

128C271HO1 Ballast Lamp DSl-
DSk, (nicago
Miniature CMB-634

330C958'.40 Clamp

331C264H10 Eyelet

Cc-27
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PRINTED WIRING ASSEMBLY PARTS LIST

SPECIFICATION

MIl~R-11

MIL-R-11

MIL~R-2268

MIL~R-11

MIL-C-26655
MIL~-S-19500/116A
MIL~S-19500/177

MIL~S-19500/268

.
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FIGURE C=6. PRIMTED WIRING ASSEMBLY FARTS LIST

RESISTOR CARD - 030
(DRAWING #330D030)

QUANTITY HEQUIRED PART NUMBER DESCRIPTION SPECIFICATION
1 330D029HO01 Printed Wiring
Board
2 331CR64H3L Eyelet
11 RCO7CF103K Resistor R1-R11l MIL-R-11
2 788CO1GHO1 Capacitor C2, C4
1 CKG5CW102K Capacitor C3 MI1-C-11015
1 CS13BD275K Capacitor Cl MIL-C-26655
3 IN9LL Diode CR1-CR3 MIL-S-19500/116A
C-29
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FIGURE C-7, PARTS LIST, REGULATOR

QUANCITY PEQUIRED* PART NUMBER DESCRIPTION
L RCL2GF620J Resistor R1-R4
2 CS13BC107K Capacitor, C1l, C2
2 1IN3017B Diode CR1l, CRZ2
2 IN540 Diode CR3, CR4
2 2N1016A Transistor Ql, Q2

#* For one of the three :sgulator Circuits used

C-30
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FIGURE C-8. PARTS LIST, GEQUENCER CHASSIS
Quantity Reguired Description
1 Card-Rack Assembly /
w/Dust Cover

99 Card Connector, Hughes #EMS030DJO0O
9 Printed Circuit Card, NS2
6 NS3
12 NS4
3 NS5
9 Nsé
7 NS7
7 002 -
12 0024
I 0oL (
3 oL
3 4,69
3 030
3 +6V Regulator
3 Osciilator
1 Chassis Connector, Amphenol #25-4401-14P
2 Amphennl #57-40500
1 Awphenol #57-40240

C-31
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FIGURE Ce8, PARTS LIST (Concluded)

Quantity Required Deseription
9 Fuse 1/L amp
3 3/l amp
2 Terminal Block
12 Diode 1INGL7
2 IN91L
3 1N1200
1 IN3997A
9 Resistor, RC20GF751J
1 15 ohm, 10 Watt, wire wound
9 Capacitor, CS13AF100K

C-32




FIGURE C~%. PARTS LIST, TEST CHASSIS

Quantity Required Déscription

1 Turret Chassis, Bud #60-2366 ;

1 Chassis Panel, Bud # PA-1106

1 Chassis Panel, Bud # PA-1112

1 Chassis Panel, Bud # PS1259

1 Mylar Panel Cover

1l +28V Unregulated Power Supply,
Acopian Model US-28

1l +12V Regulated Power Supply, Lamda
Model IMC12

1 +8V Unregulated Power Supply

1 Transformer

b Diode, 1N91L,

1l Resistor, RCO7GF331K

1 Capacitor, CS13AF100K

1 Fuse Holder, Bussman 4405

1 Fuse, 2 amp

26 Indicator Light and Socket, Trans-
istorized

7 . _TEC #LVN=D12-AL~F2

7 TEC #LVN-D12-A1-F3

12 TEC #LVN=-D12-A1~F8

Cc-33




FIGURE C-9. PARTS LIST

Quantity Required

9

15

20

v

C-34

(Continued)

Description

Indicator Light and Socket, In-
candescent, Dailco 10-3830-931

Indicator Light and Socket, Neon,
Dailcc 133-8836-931

Switch, Push Button "One-Shot,"
Micro #1PB625

Switch, Push Button, Grayhill
#1,001

Switch, T ¢ - e, SPST Arrow, Hart
and Hegemaa #6200

SPDT Arrow, Hart and Hegeman
#6202

SPDT-Center Off, Kulka
#ST..2E

SPDT Arrow, Hart and Hegeman
#6206

Test Point, Tip, Per Westinghouse
DWG 328C182-HO-

Miniature Coax,per Westinghouse
DWG 54B7128-H02

Chassis Connector, Amphenol
#26-4,01-16P

Amphenol #57=-40500
Amphenol #57-4,0240
Cable Connector Amphenol #26-4301=16S

Amphenol #57-30568
Amphenol #57-30240




FIGURE C=9. PARTS LIST (Concluded)

Quantity Required Description

2 Socket, Octal, Amphenol

1 Plug, Octal, Amphenol

2 Cable Cap, Clamp, Amphenol

1 Line Cord, a.c.

1 Flug, a.c., 2-prong

<5 Resistor, RCO7GF12R1lJ

2 RCO7GF150J

12 RCO7GF100J

6 RCO7GF101X

3 Capacitor, 788C016HO1 (0,01 uf)
25 " " Ceramic Disc. (1 uf.)

Note: Sequencer and Test Chassis interconnected
by one 16 wire (# 18 gauge) power cable, one 24
wire (#24 gauge) eignal cable, two 50 wire (#2

gauge) signal cables

C-35/36
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